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Appendix I. Pre-experiment and first steam pass water characterization: Ions.

Elapsed Ortho-
Date Time Bicarbonate* Carbonate* Chloride Hydroxide** Nitrate-N Phosphate Sulfate
Sampled Days mg/L mglL m@ mglL mglL m#L mg/L

TFF-1006-AQ
Ill 1193
1/14193

1122/93

2119193

TFF-SEPE
215/93
218193
2110193
211193

y 2116193

E 2119193
2/23/93
2125193
313193
3110193

TFF-EO06-AQ

2I1OI93
211193
2116193

2119193
2123/93

2/25193

3/3193

3110/93

***

***

***

22.04

2.00
5.25
7.25
9.21
13.21
16.21
20.13
22.04
28.04
35.21

7.25
9.21

13.21
16.21
20.13
22.04

28.04

35.21

370
370
380
170

420
310
230
200
180
160
170
170
180
100

220
200

170
150
160
160

160

93

<5
<5

<5
<5

<5
<5
<5
<5
<5
<5
<5
<5
<5
<5

15
<5

6

8
<5

<5

20
<5

36
42

59
41

56
50
41

33
35
41
41
42
55
28

42

33
37
41
41
42

57
27

<5
<5

<5
<5

<5

<5
<5
<5
<5
<5
<5
<5
<5
<5

<5
<5

<5
<5
<5
<5
<5

<5

<0.05
<0.05

0.34
<0.05

0.13
0.15
0.08
0.13
<0.05
<0.05
<0.05
<0.05
0.06
0.17

<0.05
0.13
<0.05
<0.05
<0.05
<0.05

0.46
0.17

2.70

0.30

0.01
0.22

0.07
0.09
0.11
0.14
0.14
0.10
0.05
0.08
0.08
0.27

0.16

0.16
0.14
0.32
0.11
0.12
0.11

0.18

8
5

6
23

19
27
23
15
21
31
32
21
26
24

24
21

19
24
26

18
21

24



Appendix I. Pre-experiment and first steam passwater characterization: Ions. (Continued).

Elapsed Ortho-
Date Time Bicarbonate* Carbonate* Chloride Hydroxide** Nitrate-N Phosphate Suifate
Sampled Days mg/L mglL mgfL mg/L mglL mg/L mglL

FH-416-BLRI

215193
218193
2110193
2112193
2/19/93
2125193

313193
3110193

GP-PRESOFTER
213193

~ GP-POSTSOFTER
~ 213193

GP-BLRON
213/93
2/5193
218193
2/10193
2112/93
2/16193

2119193
2123193
2/25193
313/93

3/10193

GP-BLROS

2.00
5.25
‘7.25
9.21

16.21
22.04

28.04
35.21

<5
6

12
12

12
14

14
14

15
13
6
8

8
8

<5
<5

6
5
4
4
4

5
4
3

5
<5
<5
<5
<5
<5
<5
<5

<0.05
<0.05
<0.05
<0.05

<0.05
<0.05
0.05
<0.05

<0.01
<0.01
<0.01
0.01

0.03
<0.01

<0.01
<0.01

37
34
12
6
16

5
8
5

0.00 12 6 5 <5 0.06 <0.01 2

0.00 30 20 4200 <5 0.87 0.05 46

0.00
2.00
5.25
7.25
9.21

13.21

16.21
20.13
22.04
28.04

35.21

<5
<5

6
<5
<5
<5

<5
<5
<5
<5

<5

<5
4
<5

<5
<5
<5

<5

d
<5
<5
<5

<1
<1
<1
<1
<1
<1

<1
1

<1
<1
<1

<5
<5
<5
<5
<5
<5

<5
<5
<5
<5

<5

<0.05
<0.05
<0.05
<0.05
<0.05
<0.05

<0.05
<0.05
<0.05
<0.05
<0.05

0.02
<0.01
<0.01
<0.01
0.02
0.02

0.04
<0.01
<0.01
<0.01

<0.01

2
4
3
2

<2
<2

<2

13
<2
<2
<2



Appendix L Pre-experiment and first steam pwswater characterization: Ions. (Continued).

Elapsed Ortho-
Date Time Bicarbonate* Carbonate* Chloride Hydroxide** Nitrate-N Phosphate Sulfate
Sampled Days mg/L mg/L mgfL mglL mg/L mg/L mg/L

2/3/93 0.00 6 <5 <1 <5 <0.05 0.02 5

GP-POSTHTR
213193 0.00 12 6 5 <5 <0.05 0.04 8

*Measuredasa functionofcalciumcarbonate.

**Measured as a function of hydroxide ion.

*** Pre.experiment baseline or diagnostics data.

Analyses performed by Clayton Environmental Consultants, 1252 Quarry Lane, P.O. Box 9019, Pleasanton, CA, 94566
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AppendixJ. Pre-experknentandfirststeampawwatercharacterization:Inorganic.
Bkpsed

‘llme Aluminum Aramk Barium Boron Cadmium Calcium Chromium* Copper Imn Lead Magnedum Mangmwe Mercury
Databpkd DWJ mg/L

~; Pom~;um Sdm:~m S/; So#&n ~
mgfL mg/L mg/L mgk mglL II@ mg/L mg/L mg/L mg/L mgn. mg5

TFF-WS6-AQ
1/11/93
l/14n3
1/2283
2JIW93

TFF-BEPE
w93

2W93
2M’93
2m93
2M93
2M’93
2n3t93
2/25/93
3t3t93
3/10’93

TFF-EWtLAQ
210/93
2112193
2U6193
2M93
2/23/93
m5193
3N93
3/10/’93

FH41(LBLRI
2Jsf93
2AU93
21OI’93

2m/93
2m’93
m5t93
3/3/93

●☛☛

●☛☛

●☛☛

22.04

200
s.%
7.2s
?21
13.21

16.21
24.13
22M
2s.04
35.21

7.25
9.21
13.21
16.21
2s.13
2204
28.@4
35.21

200
5.25
7.2s

9.21
16.21
2204
2s.04

NR

442
NR
S.lo

43
O*
5.31
0.0s
0.54
0.43
km
am
4.02
4.s4

0.1s
am
.4.02
4.s2
402
4S2
4s2
tw

0.03
0.(0
0.02

Sm
0.02
4.02
0.02

NR

0.006

NR

0.00s

03s7
*.W4

0.014
0.013
0.609
0.097
0$007
<0.025
0.010
0.013

0.01s
0.120
0.011
0.006
O.(IW
M106
O.ow
<0.W5

<0.00s
<0.00s
<0.00s
<0.00s
<0.40s
<0.60s
<0.00s

m
536

m
WI

433

4.26

m
&19

0.16
4.17
M8
5.18
0.21
0.12

034
0.19
0.17
9.17
0.19
5.19
0.22
Ml

4.01
.3.01
4.01

4.01
4.01
<0.01
4.01

NR

NR

NR

205

~*o

NR

134

NR

la

1ss

1.7s
1.6s
LsO
s.n

1S4
NR
130
1S0
Lw
1.7s
1.60
1.60

4.0s
Coos
.XO.OS

NR
4.0s

4.05
4.0s

<0.401

<tool

<0.401
<0.s61

<0.s01
<Mel
<tsol
<0.s01
<0.001
<0.4s1
<0.s01
<0.001
<0.001
<0.401

<0.401
<0.001
<0.001
<0.001
<tool
<0.001
<0.061
<s.401

<0.0s1
<0.s01
<0.001

<0.001
<0.s01
<e.ool
<0.001

m
64.00

m
28.0s

71.0s
5M5
40.04
32S5
35.00
3s.s5
29.54
31.65
30.s0
18.00

41.05
34.00
31.0s
29.00
31.06
3200
33.04
16.00

s.%
4.s5

4.s0

4.90

4.W

6LM

4.90

<0.00s

<&w!l

<0.0ss

<M05

<0.00s
<S.W5

<0.00s
<0.W5
<0.005

<4.(W5

<0.00s
<s.005

<0.00s
<s.005

0.057
<aws
<0.00s
<0.00s
<o.@s
<0.00s
<s.00s
4.0s5

<0.00s
<0.00s
<0.00s

<0.005
<0.00s
<O,WM
<0.00s

O.ow M9

0,150 3S4
0.011 6A
0.034 0.11

0.010 037

0.05s 02s

0.06s 036

0.200 0.07

0.199 O.m

0.200 0.03

e3w 0.02
OAW 0.02
03M 0.02
0330 em

0.0s0 036
0.160 0.10
O.lBO <0.01
0.1s0 401
0.35s 4.01
0A40 <0.01
(MM 0.03
0.190 0.16

0.013 330
0.057 230
<0.005 OAS
<O.(W 03s
0.140 I&l
<e.ws 029
<0.ws 0.7s

M

0.0s6

m
03s4

<0.502
iws
0.004
Mo9

0.004

0.404

0.093
0.003
0.004
O.ws

0.003
0.W2
<0.002
<too2
<0.002
<0.002
<0.002
<0.002

0.010
O.lw
<0.002
<0.002
0.05s
<0.002
<0.s02

27.00
34.00
27.S0
a6s

320S
21.00
16.00
12s5
10.04
*.M
9.10
954
9.70
5.64

16.00
13.00
11.00
9.20
9s0
980
10.0s
S.lo

0.s4
0.49
037
MS
03s
8.74
0A4

2.100 <shoos

2s00

2300

t460

24W

Moo

1.100
0.740
0.4s0
0.s00
0.4s0
0A64
0ss0
0.1s0

1.100
e.760
0.500
0.490
0500
0A90
0570
0.134

0.021
0.019
e.oo7

0.007
0.014

0.007
0.010

<0.ows

<0.ows
<woos

<sows
<Moos
<0.ows
<moos
<0.000S
<0.wos
<0.000s
<0.0005
<moos
<0.000s

<0.000s
<0.0005
<0.000s
<moos
<0.ows

<0.000s
<0.ows
<0.000s

<0.0005
<0.0005
<0.0005
<0.000s
<0.0005
<6.000S

<Mow

<moss
<0.ww

<0.00s

m
M

Nli

NR

Pm

<tow
<tow
<0.00s

<0.ew
<0.00s

<0.003
m
NR

<0.00s

<0.40s
<0.0(6

<0.005

<0.00s

<0.00s

<0.005
<0.60s

NR

O.ws
comas

<moos <0.ow

230

3.10
210
3.90

130
330
330
3.10
3130
3.90
4.00
4.10
4.W
4.00

4.W
330
390
3.90
4.20
4.20
430
390

.#%
‘awl
.4.0s
C&m
40s

4.05
CfM5

<0.W5
<0.005
<0.00s
<S.ws

<0.005
<0.005
<0.005
<0.ws
<o.Ws
<0.W5
<MM
<0.00s
<0.ws
<O.(W5

<0.W5
<0.00s
<0.ws
<0.00s
<0.ws
<0.ws
<0.ws
<0.00s

<0.005
<0.ws
<o.ao5

<o.Ws
<0.00s
<0.ws
<0.00s

<e.ow
<0.0ss

<0.005
<0.005

<0.00s
<0.ow
<0.00s
<0.00s

<MM

<0.003
<emus
<0.003
<0.ow
<0.00s

<O.(IW

<000s
<0.ow
<0.ow
<0.005
<0.005
<0.ow
<0.00s

<0.ow
<0.00s
<0.ow

<0.ow

<0.005
<0.ow
<0.005

52W
S(MIO
S3.W
S6.W

67.W
6200
S9.W
4aw
s9.al
saw
saw
59.00
s9.fM
45.W

S9.W
So.oo
59.W
S7.W
62W
60.W
67.W
44.W

4A0
3.70
3.30
354
3A0
4S0
3.60

5.44

9.54

<S.w

8.W

<sol
0.01
<0.01
<ml
<0.01
<s.01
<0.01
<0.01
<0.01
0.09

<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<$.01
<0.01

<0.01
0.03
<0.01

<0.01
3.10
<0.01
<0.01



Appendix J. Pre-experiment and fkst steam pass water characterization: Inorganic. (Continued).

Elnpaad
‘i’ima Aluminum Areanlc Barium Boron GdmIum Calcium Chmxnlum* Copprr km

Datebpkd Days mg/L mfi mm mg/L
Lud Mxgnrdum Manganasa Mercury Mckd Potaadum Salanium ~h~ Sodium Zinc

mg/L mg/L mg5 m@ mg/L mg/L mg/L mgk mg5 mglL mglL m@ mglL mg5 mgfL

3/lof93

GP-PREXOSTR
2m3

Gw
POmSoFrR
2M3

GP-POSrlrm
2h’s3

GP-BLRON
2t3i33
2M3

y
2AV93

g 2non3
2m’93
3/16/93
2.mn3
21231’33
2.QS193
313193
3/lot93
GP-BLROS
2n193

3s.21

O.IM

0.00

0.0s

0.00

2n

5.25
73s
921
13.21
16.21
20.13
2204
2a.04
3s.21

0.00

0.03

0.02

da

au

0.04

O.*

OS

0.02

0.02

4.02
0.03
0.02
4.02
.4.02
4.02

0.03

<0.00s

<0,00s

<0.00s

<0.00s

<0.eos

<0.oos

<0.00s

<0.00s

<0.oos

<0.00s

<0.00s

<0.00s

<0.00s

<0.00s

<0.00s

<0.00s

.3.01

Cs.el

03.01

4.01

ao7

O.el
4.01
0.03
0.03
0.01
4.01
0.01
4.01
4.01
4.01

0.0s

40s

NR

NR

NR

NR

4.0s

40s

.KO.OS

NR

NR

.3.0s

MO

=3.0s

4.0s

aos

NR

<0.001

<0.001

<0.001

<0.0s1

<0.0s1
<0.001

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

<0.001

3.70

Sal

7.10

MS

1.10
031
0.18
0.17
0.17
0.11
0.s4
031
0.1s
0.09
0.12

o.%

<oows

<0.00s

<0.m)s

<0.00s

<0.00s

<aoos

<0.00s

<0.00s

<0.00s

<0,00s

<(Loos

<0.00s

<0.005

<0.00s

<O&Is

<0.00s

0.0s7

0.00s

0.00s

0.027

0.020
0.039

0.031
<MM
<0.w
<0.tws
0.00s
0.01s
0.052
<0.ws
<0.003

0.031

0.14

0.12

MS

210

130
e31

0.16
om6
0.06
0.0s
0.12
036
0.12
0.07
0.06

3.40

0.024

<0.002

<oooa

omit

0.26s

0.1ss

0.440

0.030

0.031
0.022
0.020
0.034
0.030
0.020
0.01s

1s00

03s

030

Ha

‘d.ol

0.10
0.04

0.06
0.02
0.01
0.03
0.0s
0.04
4.01
4.01
0.02

0.09

0.013

0.00s

0.012

0.030

e.064
0.033

0.010
0.018
0.01s
0.012
0.009
0.019
0.010
0.067
0.007

0.2s0

<0.ow

<0.s00s

<0.000s

<moos

<0.000s
<0.000s

<0.000s

<0.000s

<o.ooOs

<Moos

<0.000s

<o.ooOs

<o.ooOs

<0.000s

<0.000s

<0.otn)s

<0.00s

<e.otM

<0.00s

<0.00s

<0.m

<0.003

<0.00s

<o.@

NR

NR

<0.OIM

<0.00s

<0.ou

<0.OIM

<ems

<0.OM

.3.0s

FIR

W

NR

Ml

CO.OS

40s

.AMls

=Aws

cons
‘4.M
.40s

<0.0s

.AMw

.4.0s

NR

<0.00s

<aoos

<0.00s

<0.00s

<(MO5

<0.00s

<0.00s

<0.tw

<0.00s

<0.005

<(km

<0.00s
<0.005
<0.(0s
<0.00s

<0.00s

<0.oos

<0.003

<0.00s

<0.OIM

<0.00s

<0.00s
<0.tw
<0.lw
<0.00s
<0.w
<0.003
<0.00s
<0.iw
<0.00s
<0.ous

330

S.oo

2600.00

12011

032
037

430
0.16
021
0.2s
0.73
Loo
0.38
0.13
0.14

0.02

O.*

430

0,17

<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<6.01

<0.00s 0.15 0.02

Volal.

●*Not tbqwted
***~xFimmt baaalineor diagnodicad-

AIMlyeeaperformedby ClaytonF.mvironmentalConaultan@12S2QuerryLen%P.O.Box9019,Pleasxnton,CA, S4S66
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Appendix K. Pre-experiment and first steam pass water characterization: Miscellaneous analyses.

Dissolved Total Total Chemical
Elapsed Organic Dissolved Organic Surfactants Specific Oxygen

Date Time Alkalinity* pH Carbon Solids Carbon Hardness** Turbidity (MBAS) Conductance Demand
Sampled Days mg/L S.u. mgk mg/L mgfL mg/L N.T.U. mg/L umhos/cm mg/L

TFF-1OO6-AQ
1/11/93

1/14/93
1/2293

2/19/93
TFF-SEPE
215/93
2/8193
2/10/93
2/12/93
2/16193
2/19/93
2123193
2125/93
313193
3/10/93
TFF-EO06-AQ
2110193
2116193

2119/93

211W93
2/23193
2125193

313/93
3110193
FH-416-BLRI

*****

*****

*****

22.04

2.00
5.25
7.25
9.21
13.21
16.21
20.13
22.04
28.04
35.21

7.25
13.21

16.21

9.21
20.13

22.04
28.04

35.21

370
370

380
170

420
310

230
200
180
160
170
170
180
100

240
180

160

200
160
160
180

93

7.5
7.7
7.6

6.7

7.6
7.2

6.8
6.6
6.9
7.0
6.9
7.3
7.1
6.9

8.5
8.3

8.5
8.2

8.3
8.3
8.5

8.1

NR
NR
NR

3

NR***

NR

3
NR
NR
NR
NR
NR
3

NR

11

NR

NR
NR

NR
NR
NR

NR

470

390

480
430

390
340
350
390
380
400
410
310

420

370
400

350
410
450
430

320

8
6
2

4

NR
4

NR
NR
NR
NR
NR
3
4

12
NR

NR
NR
NR
NR
NR

270

300
260

110

310
210
170
130
120
110
110
120
110
68

170
120

110
140
120
120
120

61

2.9

21.0
6.0
2.0

NR
NR

7.6
NR
NR
NR
NR
NR
2.6
8.6

8.8
NR

NR
NR
NR
NR
NR
NR

<0.02
<0.02

0.02
0.09

<0.02
0.05
0.04
0.07
0.06
0.09
0.12
0.14
0.14
0.06

0.20
0.10

0.15
0.18
0.17
0.21
0.17
0.11

820 65

910
490

900

23
NR

NR

570

470
470

450
590
340

570
490

470

480
150
550
350

NR
NR
NR
NR
NR

NR

NR

NR
NR

NR
NR
NR
NR



Appendix K. Pre-experiment and first steam pass water characterization: Miscellaneous analyses. (Continued).

Dissolved Total Total
Elapsed

Chemical
Organic Dissolved Organic Surfactants Specific

Date
Oxygen

Time Alkalinity* pH Carbon Solids Carbon Hardness** Turbidity (MBAS) Conductance Demand
Sampled Days mg/L S.U. mg/L mg/L mg/L mgfL N.T.U. mg/L umhoslcm mg/L

2/5/93

218193

2/10193
2/12/93

2119193
2125193
313/93
3110193
GP-PRESOFTR
2/3/93

GP-BLRON
213193
215/93
218193
2110/93
2112193
2f16193
2/19193
2123193
2125193

313193
3/10193

GP-BLROS
213193

2.00

5.25

7.25
9.21
16.21
22.04
28.04
35.21

0.00

0.00
2.00
5.25
7.25
9.21
13.21
16.21
20.13
22.04

28.04
35.21

0.00

20

19

18
20
20
22
18
14

18

<5

<5
6

<5
<5
<5
<5
<5
<5
<5

<5

6

9.4

9.6

9.5
9.4
9.6
9.2
9.2
6.9

9.3

7.5

8.2
9.3
6.7
7.0
6.5
7.3
7.0
6.4

6.3
6.5

6.9

***Not requested.

****Not detected ator ~bo~e the Iinlits of dete~~~o~,

*****Pre-experiment baseline or diagnostics data.

NR

NR

ND
NR
NR
NR
NR
NR

NR

NR
NR
NR
ND
NR
NR
NR
NR
NR
NR
NR

NR

50
50

40
40
30
50
50
30

30

10
<10
20
10

<10
<10
<10
10

<10
<10
<10

10

NR

NR

ND
NR
NR
NR
NR
NR

NR

NR
NR
NR

ND****

NR
NR
NR
NR
NR

NR
NR

NR

15
14

14
14
14
19
14
11

15

3
<1
<1
<1
<1
<1
1

<1
<1

<1
<1

3

NR

NR
1.2
NR
NR
NR
NR
NR

NR

NR
NR
NR
0.4
NR
NR
NR
NR
NR
NR
NR

NR

0.02
<0.02

<0.02
0.04

<0.02
0.03
0.02

<0.02

<0.02

0.03
<0.02

<0.02
<0.02
0.03

<0.02
<0.02
0.03

<0.02

0.03
<0.02

0.03

61
59

56
50
54
66
62
44

64

10
6
12
4
3
6
4
15
2
7
4

12

NR

NR

NR
NR
NR
NR
NR
NR

NR

NR
NR
NR
NR
NR
NR
NR
NR
NR

NR
NR

NR

Analyses performed by Clayton Environmental Consultants, 1252 Quarry Lane, P.O. Box 9019, Pleasanton, CA, 94566
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Appendix L. Second steam pass water characterization: Ions.

Elapsed
Tme Bicarbonate* Carbonate* Chloride Hydroxide** Nitrate-N Sulfate

Date Sampled Days mg/L mg/L mgiL mg/L mg/L mg/L

‘I’FF-SEPI
6111f93 19.08 180 & 46 4 <0.05 24

7/13/93 51.08 220 <1 52 <1 C5 17

TFF-EO06-AQ
6111f93 19.08 NS NS NS NS NS NS

7/13/93 51.08 210 20 53 <1 C5 18

FH-416-BLRI

6111f93 19.08 14 <5 6 C5 4.05 3
7113/93 51.08 16 <1 3 <1 4.5 <1
GP-BLRON
6tW93 19.08 4 & 3 C5 4.05 Q

7/13/93 51.08 NS*** NS NS NS NS NS

*Measuredasa functionofcalciumcarbonate.
**M-reds a functionofhydroxideion.

***Notsampled.

AaalysesperformedbyCaliforniaLaboratoryServices,3249FitzgeraldRoad,RanchoCordova,CA,95742.
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ADLwrtdix M. SecondsteammasswatercharacterizationInorganic.

E18poed
Ilme Aluminum Amenk Badum Borow (hdmlum Caklum Chnwnkun* Cqper Imn

DateSmopkd Day m~ mfi mglL
lad Mqpdum Mmtgrncea Mrrcury Nkkel Ptilum Setwdum silver Sodtum ZJnc

mgil, mgll. mg5 mfi I@ mfi mm mm mgk mg/L mm m@ mwL mgk mgk mfi

TFF=SEPI

dltt93
7/13/93

TFF-EO06-hQ

6/1103
71W93

FH-416-BMI
tvw93
71t3193

w GP.BLRON
b

6/11/93
G

7113193

1?$08
51.63

19.08
SL06

19.MI
non

19.08

Ap/po*

<0.3

Ns
<0.3

ANP
<0.34

ANP
<0.60s

Ns
<MM

ANP
<0.003

ANP

ANP
ul

Ns
0.39.

ANP
<0.03

ANP

ANP
1.3

Ns
13

ANP
6.1

ANP

ANP 29 ANP @a 0.04 ANP 9.7 CA5

<0.001 42 <0.001 0.18 <0,1 <0.oos 14.0 0S6

Ns Ns Ns NS NS NS Ns Ns

<MM 43 <0.001 0.29 <0.1 <0.003 14.0 6.3s

ANP 4 ANP <0.063 0.66 ANP 0.6 0.61

<0.001 4 <0.001 <0.03 <0.1 <0.00s <05 <0.03

ANP o <0.463 0.11 ANP 0.1 0.01

ANPANP
<0.0003<0.1

NSNS
<O.otm <al

ANPANP
<0.0005<0.1

ANPANP

ANP
s

Ns
5

ANP
<1

ANP

ANP ANP 61

<0.003 <0.001 74

NS NS NS

< 0.00s <0.001 74

ANPANP5

<0.063 <0.001 3

ANPANP1

4.01
4.0s

Ns
.26.05

0.69
4.05

4.01
Ns Ns Ns Ns NS NS NS NS NsS1.M NS**ONS NS NS --- -- Ns NS NS NSNSNS

* Total

** Andyab not performedby newcontracthbodOIT.

●** Not MWlpkd

AnalyMsperformedby California LaboratoryScrvl- 3349Klt?grrdd R0a4 RanchoCordovajCA, 95742
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Appendix N. Second steam pass water characterization: Miscellaneous analyses.

Elapsed TotalDissolved Specific
Time Alkalinity* pH Solids Hardness** Conductance Surfactants(MBAS)

DateSampled Days mg/L S.u. mg/L mg/L umhdcm mg/L

TFF-SEPI

6/11193 19.08 180 7.0 370 110 560 ANp***

7/13/93 51.08 220 7.6 420 410 580 <0.5

TFF-EO06-AQ

6/n/93 19.08 NS NS NS NS NS NS

7113193 51.08 230 8.4 420 410 580 <0.5

FH-416-BLRI
6/11/93 19.08 14 8.5 20 12 58 ANP

7/13/93 51.08 16 8.7 14 9 35 <0.5

N
$ GP-BLRON
m 6111193 19.08 <5 7.3 <lo <5 20 ANP

7/13/93 51.08 Nfj**** NS NS NS NS NS

*Measured as a function of total alkalinity (calcium carbonate).

**Measured ss a function of caicium carbonate.

*** Analysis not performed by new contract laboratory.

****Not sampied.

Anaiyses performed by California Laboratory Services, 3249 Fitzgerald Road, Rancho Cordova, CA, 95742.
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Table O. Gasoline concentrations (ppb) in ground water at the Gasoline Spill area.

Sample BTEWTPH BTEX/TPH BTEIUTPH BTE~PH BTE?UTPH
Location (7/92) (1/93)$ (5/93) (8/93) (n/93)

GSW-OOIA
GSW-006

GSW-007
GSW-008

GSW-009

GSW-O1O
GSW-011
GSW-013
GSW-208
GSW-215
GSW-216

N MW-225
b GSW-266
G

GSW-326
GSW-367
GSW-442

GSW-443
GSW-444
MW-51O
GEW-71O

1,760(11/90)/15,000
27,000/24,000(8/90)

ND/ND*
35/340(8/91)
15/110(9/91)

3.2/150(11/91)
1.6/90(12/91)

52 (8/90)/460(8/90)
175/960(3/89)
10/170(290)

200 (1/92)/760(1/92)
ND*/NA$

ND/ND*(9/87)
ND/ND*(8/89)
ND/ND*(9/87)
ND/ND*(9/87)

ND*mA~

ND/ND*
ND*/NA&j

NAMA$

28,590/145,000
78,602/133,000

ND/ND*
fJ/ND*

ND/ND*
NS**
NfJ**

12/708
NS*$

9155
130/1,710

NS**
NS**
NS**
Nfj**
NS**
NS**

NS**
N$j**

80j380/177,000

NSIM

N&+H#

276/2700
13/58
4.6/29

Collapsed
15/140

264/860
NS**

9.5/107
26820/106000

NS**
ND*/ND*
ND*/ND*
ND*/ND*
ND*/ND*
ND*/ND*
ND*/ND*

NS**
NS**

NS** .

NsiH#

71/1200
0.4MD*

Pump Broken

Collapsed
688.2/2200
759/3700

Nfj**

215/250
50100/160000

NS**
ND*/ND*
ND*/ND*
ND*/ND*
ND*/ND*
ND*/ND*
ND*/ND*

NS**
NS**

26,062/88,400
NS**

31223
ND*/ND*

Pump Broken

Collapsed
NS**

865/1,840
16/2350

NS**

3,906/25,800
NS**
NS**
NS**
NS**
NS**
NS**
NS**
NS**

NS**

$ NotAnalyzed

* Not Detected

** Not Sampled

$50,000 to 100,000 gallons water injected into the formation during drilling operations
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Appendix P. Minerals present in ground water and process water at the Gasoline Spill site.

SampleDescription Date B Fe Mn Ca Mg Na S04 pH Hardness Spec. Cond

W
&
~ GSW-008

GSW-009

GSW-013

GSW-208

GSW-OOIA 12/9/91

1/11/93

11/12/93

GSW-006 12/9/91

7/30/92

1/13/93

GSW-007 4/24186

12110191

7/30192

l/lw93

S/18193

11/lw93

4124186

12/10/91

7130192

lflw93

511s193

11/12/93

12/10/91

7130/92

1/12/93

12/10/91

111W93

5/18/93

11/12/93

1W1OI91

0.08

0.8

0.62

0.25

0.17

0.14

0.24

0.51

0.44

0.46

0.65

0.76

0.66

2.4

1.7

11

<0.1

0.28

27

<0.03

0.19

0.19

1.5

<0.1

<0.30

0.44

5.3

4.7

<0.1

0.07

0.6

16

58

<0.1

2.5

2.7

0.9

1.6

1.5

0.52

0.01

0.2

0.2

0.027

0.56

0.11

<0.01

0.15

0.14

0.14

0.16

<0.03

0.38

0.25

0.078

0.12

0.19

0.23

0.088

0.97

19

38

73

22

82

73

69

110

72

100

80

67

84

62

92

45

17

28

7.4

4.6

9.9

37

12

22

34

31

35

32

19

33

30

32

23

22

15

27

10

12

8.4

78

77

43

61

62

59

46

68

67

66

59

63

66

85

61

74

41

66

3

8

11

7

9

14

28

54

72

13

36

43

25

6.9

7.2

7.4

7.7

7.7

7.7

8

7

7.4

7.6

7.5

7.8

7.4

7.5

7.6

7.7

8.8

6.9

6.5

66

140

330

100

297

380

340

350

300

340

290

340

250

320

170

150

110

67

210

530

970

420

880

900

880

720

940

970

890

960

630

930

630

660

490

420



Appendix P. Minerals present in ground water and process water at the Gasoline Spill site. (Continued).

Sample Description Date B Fe Mn Ca Mg Na S04 pH Hardness Spec. Cond

GSW-216

GIW-814

‘7130/92

11/12/93

GSW-215 12/10/91

7/30192

1/12/93

12/10/91

1/12/93

11/12/93

8/5192

1/11/93

11/12/93

GIW-815 815192

11/12/93

GZW-8Z8 815192

11/12/93

GIW-819 8/5192

11/12/93

GZW-820 815192

11/12/93

GEW-71O 9123191

1/15/93

0.29

0.59

0.33

1.8

1

1.7

4.5

5.3

0.14

3.6

0.45

0.63

0.07

<0.1

2

0.23

4.4

<0.1

1.3

25

<0.1

1.3

<0.1

1.9

0.74

2.1

<0.1

0.81

<0.1

<0.1

18

0.81

1.7

0.38

0.25

0.02

0.79

0.84

0.63

0.069

0.43

0.28

0.24

0.067

0.065

0.61

0.18

0.45

0.51

0.05

0.77

2.9

95

100

56

56

58

79

66

64

66

59

33

66

22

54

5.4

57

34

89

65

27

36

26

24

27

23

34

12

13

4.9

2.5

12

3.2

29

<0.5

15

1.7

40

70

65

64

65

75

83

85

68

86

70

77

70

100

99

12

68

94

91

9

10

15

18

16

11

78

80

28

8

33 72 9

7.4

7.3

7.6

7.9

8

6.8

7.7

7.2

7.1

10.4

7.4

7.8

6.8

7.8

7.5

8.6

7.4

7.5

7.3

350

410

250

240

260

290

300

210

220

170

93

210

68

250

15

200

92

410

930

870

810

790

860

820

790

740

670

420

490

670

560

780

94

520

550

850

390 830--
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Weiss Associates WI ‘6

MEMORANDUM

TO Bill McConaehie PROM: Bob Devsny
John Ziagoa
Dorothy Bishop

m. GasolineVolume Estimates DATE August 31, 1993

This memorandumdocumentsour estimatesof the maadvolume of gasolinein the subaurkce prior to the

start of the DynamicUndergroundSteamDemonstrationProject (DUSDP)at the Building406 GasolineSpill Area.

Below we summark the objectives, background, methodology, results and limitations of these edmatea.

Pmliminq results of this work were preamted in a memorandumto Bill McConachiedated March 25, 1993 and

iupartin afaxaent to John Ziagos on Ikember 28,1992.

Objectives

The objectives of this study are to use the beat available data and techniquesto chamcterize, in three-

dimensions, the distribution, mass, and volumeof gasolinein the subsurfaceat the Building406 GasolineSpill Area

(GSA). Our work estimates the amountof gasolinein the subsurfaceafter inducedvapor venting by GSW-16in the

umatumM zone and prior to beginning the DUSDP. The charactmization relies extensively on the sediment

chemicaldata !Yomthe 23 DUSDP boreholeadrilled betweeaJanuary and April 1992. The estimateis intended to

support numerical remediation modeling and to assist in LLNL’s Environmental Reatomtion Division (ERD)

managementdecisions regarding the DUSDP.

Background

Review of available recordsindicatethat between 1952and 1979about 17,000gallons of leadedgasoline

may have beemlost km the southermnost of four underground fbel tanks in the GSA. The accuracy of this

inventory deficit is suspect since meammmnt oeumented removals may haveaccuracy is not known and und

occumed. Subsequentinvestigationindicatesthat a leak occurredat the western edge of the southernmosttank and

gasoline ia present in unsaturated sediment to a depth of about 100 h and in saturated sediment and ground water

to a depth of about 135 ft. Investigationof the spill baabeen unnprehensive two monitorwells and nine boreholes

MJOSSUJ,NL.WLL4MSM
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were drilled and sampledby Carpenter(1984); five monitor wells and six boreholeswem drilled by O.H. Materials

(198S); thirtem monitorwells were drilled in 1985and 1986(Dresen d uL, 1986)and ten additionalmonitorwells

and two boreholeswere drilled in 1987(Nicholsu ul., 1988). ERD iustalledeight singlepoint and three multilevel

soil vapor monitoring wells and one extractionwell in 1991(Macdonaldet uL, 1991) In 1992, ERD and DUSDP

jointly installed and sampled 23 additionalborehoka.

BetweenSeptember1988and December 1991about 2,000 gal of liquid-equivalentgasolinewas removed

by El?D’s induced venting pilot study in the un@mted zone (Macdonaldet uZ., 1991). In addition, several

hundred gallons of gasoline wem removed by direct skimming and routine pumping dwing hydraulic teats and

groundwater sampling. An unknownamountof additionalgasolineprobablyfluxed to the atmosphere. In addition,

a microbiologicalstudyby Krauterand Rice (1991)indicatedthat mbmface microbiologicalpopulationsat the GSA

are much larger than those in nearby areas without gasoline suggesting that additional gasoline constituentshave

been metabolizedby micmbea. T?ms,evenassumingthat the inventorydiscrepancyis accurate, post-spillpmceases

make a mass/volumebalance impossible.

‘he first eatbate of gasolinevolume in the subsurfaceat the GSA was conductedby Hunt a ul. (1998)

using sedimeat concentrationdata. Hunt indicatedthat, @or to venting, about 17,000 gal of gasolinewere present

in the subsurface. Because of data limitation (e.g., most sarnpka were not analyzed for their total gasoline

concentration), Hunt eahated total gasoline from measurements of the aromatic constituents benzene,

ethykenzene, toluene,aud xylene (B~. The ratio of measumdBETXto total gsaolineconcentrationsmust have

been assumed by Hunt since its proportion can vary significantlyby manufacturer,date of production, and due to

post-spillalterations(includingbiodegradation,oxidationandvaporization). The percentageof BETXusedby Hunt

to e@imatetotal gasoline concentrationsis not know to Weiss Am&tea.

In 1988, chemical data plotted on two chemical-basedcross sections presented in Nichols d ul. (1988)

were used to further delineate the volume of gasoline present. Similar to Hunt, this ednate was conductedby

reducing the observed distribution of gasoline sndlor BETX to simple geometries(i.e., concentric cylinders)and

assumed that the gaaolinein sedimentscontained 16%BETX by weight. me results of this ekmate were similar

to Hunts, showing about 6,000 gal in the umdumkd zme and l1,000gal inthesstumkd zone.

In 1990,ERD acquked theInteractiveVolumeModeling(IVhf)softwareby DynamicGraphics,~

California. Using a spline-typeSlgori* this soflwaminterpolatesscatted data onto a regular tbedhmiomd

grid (Jmreinaf?erref- to as gxidding)and creates 3dimensional depictionsof smfaces of equal conceatrstion

called iso-shells. The contour model cau be viewed using a Silicon Graphics, Inc., workstation, allowing the user
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tosl.icesnd rotatethemodeltoviauab theiao-ahellasnd cmeaponding apatid dtibution of property VdUeS such

as concentration or porosity. IVM also calculates associated vohunea of iso-shells in user-specifiedregions. The

mass in each iao-shell (Mklcan be determinedusing the followingequation:

hi, = V* D* C(Eq.1)

whole

v = iao-shellvolume

D= bulkdeasity sttheinsitumoistum Contult

C = geometricmeau of the km-shellrange

Total plume mass is the sum of all k-shell masses. Specific to the GSA, gasoline volumes were

calculatedassuming a deasity of 0.75 mghnl.

Prior to conducting this study, we reviewed IVM volumetric verification studies conducted by the

WestinghouseSavannahRiver Company(Copeezul., 1991)where concentricsphericaliao-shellsof knownvolume

were gridded using IVM and volumes adculated. The input data mimicked typicalenvironmentaldata by ranging

over several orders of magnitude with shq concentrationgradients belweea iso-shells. However, due to the

sphericalgeometry, the input data did not reflect typical chemicaldiacontinuitiearesulting f-mmthe heterogeneous

geologicalconditionstypicallypresent at LLNL. Cope’swork showedthat significanterrors in volumeoccur when

datavalues (i.e., chemicalcon-trationa) are not logarithmicallytransformedprior to gridding. Cope also ahowed

that additiond errors (up to7.3%) marred hone of the aphereain log space. DGI respondedto -S WOSkwith

ade mmatmtion that the these types of errors occurred due to numerical senaitivitk (kmcmica) within the

interpoktion algorithmtriggeredby @X3’S SIUdytiCdy lkIiVd input data ae$, and &mm@m@dthat the vohunetrica

were accumte to a tolerance of a few percent (DynamicGraphics, 1991). However, DGI’s and Cope’s results

Confirmedthat”~ grid selection and/or fkilure to log transform the data could result in volume errors

exceeding 10% for simple, regular geometries.

In late 1991,we investigatedIVM’sgriddingalgorithmpafomnancein areasof littleorno data. Similar

to Cope, recreated aninputdata filewmaistm“ g of thecoordinatesfor severalconcentricsphericaliso-ahellawith

a steepconcentrationgradientbetwea spheres. In log space, IVM’svolumereaultawere Satisfactory,generally

accumtewithina fewpercentwhengriddedproperlyandsimilarto thoseresultsreportedby Cope. However, when

a quadrant of the input data was nmwved, the gridding algorithm created a bulge, increasing the actual volume of

the sphere (Fig. 1). Thus, when using field data with a gesieralsphericaldistribution, we expect that volumes will

MJOSSU.LNLWLU.MSM
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be increased in areas containing littleor no data. Further sensitivitystudies, though time umsuming, are probably

warranted to further explore the software’s dmates of volume in areas of little or no data.

k 1992, Dynamic Graphics introduced a Upgfllded WI&XI of ~ called GeologicModeling hgram

(GMP) (DynamicGraphb, 1992). The gridding and volumetricalgorithmremainedunchangedfrom NM and its

results are comparable to the verified version of IV’M.

Approach

Taking into account the above verificationresults and remediationhistory at the GSA, we developed the

following approach for eatimdm“ g gasoline volume:

● Use thepost-ventingsedimentdataabovethewatertableandall availablesedimeutdatabeneaththe

watertablesincethesahmted zonehasbeenlargelyunai%ctedbyventing. Disregardpost-sampliag

mass reductions due to biodegmdation, surfkce flux, and routine sampling activities since it is not

quantifiable. Assumethat all sedimentconcentrationdataare reportedin milligrams(mg) of gasoline

(or B~ per kilogram of sediment at in-situ moisture contest. Also assume that 100% of the

gasoliae is extracted and quantifiedby the analytical laboratory.

● Whenavailable, use total gasoline analysis results. When only BETX concentrationsam available,

cakukte the total fuel based on the averageof site-specificratiosbetweenall availabletotal&laud

BETX measurements made on the same GSA sediment sample. Existing data indicate that total

xylene is the most reliable indkator of total fuel at a value of 8% by weight (dkussed below under

Data Set).

● Convert data masked by anslyticzddetection limits (i.e. a nondetections reported as <50 mg/kg)

to a value. h most cases nondetection points are given a value of ~. However if nearby data

indicate that gasoline is piobsbly present, use a value of one-half the detection limit.

● Log-trausform the data.

● Use initial grid spacing of about one-half the average data spacing.

kuoBsu.LNLwLU.MaN
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● Using GMP, interpolate the data onto a regular 3dimensional grid.

qualities and physical properties (i.e., bulk density) above and below

grids for these zones.

Because of differing spatial

the water table, use sepamte

● Evaluate GMP’s gridding statkticx and resulting model. Re-grid, as necesary.

Data Set

The data setconsistedof soil sedimentconcentrationdata from 66 borehok and wells drilledbetweezIApril,

1985 and April 1992. Vadoaezone sedimentconcentrationdata collectedprior to January 1991were omitted since

significant masaholume (i.e. 1,900gal) was removedprior to this date by ERD’svapor extractionpilot study. This

excludes the use of all of the Carpenter’s (1984) data and large portions of the data collected by O.H. Materials

(1985) aud Dreaea (1986).

Data collected after January 1991 include mammment of total gasoline (gasoline fingerprint). Prior to

January 1991, however, gasoline fingaprint or total fuel analyseaare sparse, with most samplesanalyzd only for

BETX.

To idedi~ whether BETX could be used as a reliable indicator of total fhel concentration, we used data

from 57 pre-1992 samples where both BETX and total tkel wem analyzed, and calculated the ratios individual

aromatic conatituats to total fuel conceatmtions(Table 1). Aashown, xylene appears to be a reliable indicator of

total fuel, since it occurs as a relativelyhigh percentageof the total fuel and shows a fkvorablestandard deviation

and variance compared to buzaw and toluene. We plottedxylem vs. totalfuel (Fig. 2) which indicatesthatthe

relationshipis linearsnd suggeataan averagecontestof about8%xyleneby weight. Using this xyleae ratio,we

processedthe pre-1991datato “eatmate the total fuel amcentration. The &ta were then log-transformed.The

resultinginputdata@ex31.asc) are includedas Table 2.

Figure 3 showaa thdimem “onaldepictionof tbe input data set.

Results

Below we present volume results fm two approaches. In the first approach, an interpolatedmethod, the

chemical data aud DGI’s interpolation algorithm were used. In preparing this model, judgementdecisionswere

limitedto theselectionof the beat griddingparametersbased on visual and statisticalevaluation of grid mmdts. In

l:wMu&NLwLu.xEM
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the second approach, the judgementhterpolated method, we merged the chemical data set with digitized

isoconcentmtioncontour lima from hand-contouredcross sections. Additionaljudgment decisionson the selection

of the beat gridding parameters were made usiog this approach baaedon visual and statistical evaluationsof grid

results.

InterpolatedApproach

Thepmcesad dataset (Table2) was gxiddedwith28 gridnodesin the east-westdirection,32 gridnodes

in thenorth-southdirectionand 120 gridnodesvertically(i.e., 28 X 32 X 120). The resultinggsid was identified

as btex4m.3grd. Dimmsions of the modeldomaiuwere550 ft east-west(LaboratoryCQOrdinatea(TX!)10,150 to

10,700), 430 ft north-south(LC 8,470 to 8,900) and 220 ft vertically(elevations640 to 420). A cmrespmding

graphicaldepictionof thisgridyieldedthe model showmin Figures 4 and 5. As shown in Figure 4, the one ppm

(log O) shell shows limited horizontal spnmding in the vadose zone and significant lateral spreading at depth in

mtumtedaedimenta. Ftiwdyti of Fi~5ti&ti~ ofti-~-gktiklmw~

zone at an elevation of about 530 ft. Figure 5 shows artikcts of gridding flaws (i.e., conce@ationa above 0.01

ppm in an area of no data where concentrationsam suspectedto be zero) in the north one-third of the model (LC

> 8,750) below an elevationof 500 ft.

As shown in Table 3, the volumeof gasolinein the vadoseand aatumtedzonebased on this model is about

2,269 gal. Baaed on the release history and former vohum calculation, this volume is known to be erroneous.

lkse erroneous results are expected, however, given the limited volume sampled canpamd to the total plume

volume. using the totalplume volume “eahmsks on Table 3, the volumesampledrepresentsonly 0.00015% of the

total plmw volume. The volurmmaultsaresignificant,however,in thattheysuggestthatthebulkof theplume’s

mass andvolumeare ccmtainedwithinsedimentccmtainingmorethan1 ppmtotalgasoline.

JudgementfI.utexpolatedApproach

To help remedy the interpolationproblem discussedabove, we addedjudgement-basedbias to the model

by introducingdata fromhsnd-drawn kconcentration contourscompletedon eighthydmatmtigmphiccross sections.

This approachgreatly increaseathe numberof input data points in importantlocations(i.e. >1 ppm), and reduces

the role of the cmnputer-asaiatedinteqolatkm while maintainingthe use of GMP’svohunetrics. To implenwntthis

approach, we developed a FORTRAN program to calculate the x,y,z coordinates of pointa digitkd along

isoconcemtrationcontour lines to producean input data fileconsistingof the originaldata (Table 1) plus the digitized

concentrationdata. Becauseon the lmgth of this file, it has not been includedherein.

IAJOSSU.LNLWUA.MSM
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The pceaaed data set @ex33.ase) was gridded sepamtely for the vadoae (44 X 35 X 72) and aatumtd

xmea (44X 35X 144). These grids were identifiedas btexlOb.3grd and btexlOa.3gni, respectively. Dimensions

of the model domain wem identical to the interpolatedapproach. This input data set ia ahownin dn+dmmdona

in Figure 6 and 7 which also ahow a “wall” of pointa along the entire north side of tbe model. These points of O

concentrationare used to limit inteqwlation artifacts that would have othexwiaeoccurred io areas of no data.

Graphical depictionsof this grid are ahownin Figures 8, 9, 10, and 11. Whea compared to the earlier

model (Fig. 4), we note that 1 ppm iso-shell ia significantlylarger. Figure 9 shows a horizontal slice (cross

section)in a similar location to Figure 5, which is traverses through the spill point near GSW-16. Figures 10 and

11 are horizontal aliceaahowingthe gasolineconcentrationsat the top of the water table and top of the lower steam

zone, respectively.

The total gasolinevolume for this model is 7,389 gal (Table4). These results suggest that the judgement-

based approach resulted in a more realistic model and enhanced the accuracyof the volume stimate. However,

Sincean “eshmate of potential error is still not possible due to the intmpolation, the volume results should be

regarded as being only aemiquautitative.

DUSDP-SpecificVolumeson JudgemtW/InterpolatedReaulta

Aa part of the prekninary DUSDP performance evaluationp~, we were asked by ERD to use the

Judgement-baaedapproachto estimak the amountof gasolinein severallayers that maybe afkted by the DUSDP.

Belowwe provide the quantityof gasolineby layer, and from the top of the upper steam zme to the bottom of the

lower steam xme (i.e., the total volume). The first layer, 20 to 50 ft deep, repreaeds the shallowest zone

containing hydrmukna and a zone with probable limited effect from the DUSDP since the top of the injection

wells are deeper than 65 ft and the top of the extinctionwells is about 50 ft deep. The second layer extenda from

50 h to the top of the upper steam zme, an irregular aur!kcedefied by the top of a hydmatmtigaphicunit &fined

by Noyea (report in progress) for the DUSDP (Fig. 12). me third layer extends from the top of the upper steam

zone to the water table at about 100 ft. Aa such, this layer repreaata tbe majority of what DUSDP has definedas

the shallowesthorimn for steam injection. The water tablewas pickedas the lower boundarysince it is a definable

level (i.e., verses the capillarytige) where pom apaceabecomeliquid filledand the in-sizu bulk density increasea.

The water table to the bottomof the lowersteam mne, at depthabetweenabout 120and 135ft, eompriaeathe fourth

layer. A two dimemional surfacewas contouredto ahowthe elevationof the bottom of the lower steam zxte (Fig.

13). The fifth layer, the interval tium the bottom of tie upper steam zone to the top of the lower @earnzone, ia

generallycomprised of low permeabilitysilt and clay. A contourmap of the top of the lower steam xme (Fig. 14)

I:uoamLLNLwLIA.h4EM
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was combiued with the contour map of the bottom of the upper steam zone (Fig. 13) to model the volume of this

layer. The final layer, the lower steam zone, is the deepeatlayer containinggasoline. The bottom of this layer is

ahownin Figure 15.

The final step for determmm“ “ g the volumes potentiallyaffectedby DUSDP waa to limit the volumes using

a polygon with apexes at the locationaof the electricalheatingkteam injectionwells.

We “eshmatethe totalgaaolinewithinthe iqjectionpolygonto be

1) 20-50 ft = 311 gal

2)50 fttothe topoftheupper ateamzone =642gal

3) Upper steam zone (matwakd) = 2938 gal

4) Upper steam zone (saturated) = 215 gal

5) Cmfining layer betweea the upper and lower steam zones = 1,963 gal

6) Lower atearnzone = 480 gal

7) Total gaaolinewithin the injectionring = 6,549

Supporting data and calculationsfor these estimatesare includedaa Attachment 1.

Limitations

The limitations of the volume “eahmtea describedabove are

● The process rquiresjudgemed steps during gdding evaluationand in acatkmd data enhancement

stepa (i.e., cross-sections). The potential error resulting ilom this introduced bias cannot be

quantitated, but it is edmated to be moderate,perhapsplus or minus25%.

● The original input data are limited in number and spatial extent. Although interpolation relies on

about 750 discrete soil concentration measurements fivm 66 boreholea, the total sample volume

represents only 0.00015% of the total “estmded plume volume. This represents an avemge spatial

density of one data point for every 10,839 cubic feet of plume. The spatial density in the critical

fieephaae gasoline area ia higher, but is SW typically less than one sample per 100 cubic feet.

● Sedimentchemistrydata may not represent true in-situ concentrationsbecause the asmplingprocess

compressesand heats the samplecausinga net loss of gasoline. The highest measuredpm- and post-

kumawmlmmu.xau
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venting gasoline concentrationmntains only 1.7% and 1.2% (i.e., 17,000 and 12,000 mg/kg)

gasolineby weight, respectively,which is well below the theoreticalcxmcatrationfor a gasoline

mtumtedsample(e.g., > 150,000 mg/kg).

● Sediment sample results are generally single point measurements and are not repeatable. The

quantification of total gasoline requima the mnparimn to a standard of known concedration.

However, the standard is generally modern fuel which may be cmnpoaitionallydiffenmt than the

original and/or the ‘weathered=compositionof the spilled gaaoline .

● The number of samples collected in the vicinity of free-phase product may be too low.

Miscalculationof the volume of free-phaseproductcouldskew thevolumeresultssignificantly.

● lEe qusntitationof potentialerrorsdue to lack of datain certainareasaud griddingdecisions is

impossible to detemine.

evaluatethese errors.

Conclusions

Significantsensitivityaud spatial statisticalevaluation maybe required to

The methodology described above is a valuable method for vitalizing the subsurface distribution of

contaminantsin the subaurke. However, itavolumetrka calculationsare limitedby the sampledensity,potatially

unreliable chemical data and judgement-based bias introduced during interpolation. Judgmeat-based data

enhancement or the combining of data sets (i.e., chemistry and geology) is genedy necesamy to increase the

amount of input data to the interpolator and the resulting validity of the model.

The volume “emmstes preseatedherein shouldbe regardedas semiqusntitative. In some instances, a highly

refined model my be used semiquantitatively to compare relative volumes in differeat mnes. Future steps for

improvement might include the use of spatial statistics (kriging) and conditional simulation.

I:lJossu.Lr&wn.uxaM
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Figure 2. Xylene verses total fuel concentration for 57 GSA sediment samples.
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Table 1. Potential indicator compounds for predicting total fuel
using GSA-specific sediment sample data,

---- -——- —-—- ---- ____ ____ ____ ____ ____ ____ ____—--- —————--- ---- ____ ____ ____ ____ ____ ____ ____

Benzene to Toluene to Xylene to
Total Gasoline Total Gasoline Total Gasoline

Ratio Ratio Ratio
---- --—- —-—- ---- ____ ____ ____ ____ ____ ____ _---- ---- ---- ---- ____ ____ ____ ____ ____ ___ __

0.5500
1.5686
1.2963
1.1000
2.2143
2.8723
2.9333
1.4286
5.2083
1.7111
1.3000
2.1471
2.0909
0.0052
0.1120
0.2108
0.5682
0.1471
0.2286
0.4483
0.1049
0.2000
0.4483
1.9697
1.4474
0.8571
1.1935
1.1818
2.1154
1.2432
2.5000
0.4071
2.0690

8.7500
11.3725

7.7778
7.5000
9.2857

11.7021
9.2000
6.8571
5,2083

14.0000
4.9000
6.1765
5.9091
3.3333
3.7333
5.1351

13.1818
2.5294
4,5714
4.8276
5.3086
8,6667
4.1379
3,9394
5.0000
5.4286
4.5161
2.4545
3.8462
4.0541
2.5000
5.5000
0.6897

10.6250
9.2157
9.2593
9.5000

10.7143
11.7021
10.9333
17.1429
3.5417

18.6667
9.4000
9,4118
8.4545
2.9167
3.2000
0.7568

10.4545
8.2353
9.0000
7.9310
7.4074
8.1667
7.9310
7.5758
3.1579
8.5714
7.7419
5.2727
2.3077
7.0270
2.5000

14.2857
11.7241
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Table 1. Potential indicator compounds for predicting total fuel
using GSA-specific sediment sample data.

---- —-—- -——- ---— ---- ---— ---- ---- —-——— ---- —------ --—- -——- ---— ---- ---— ———- ---- --—- --—— ----

Benzene to Toluene to Xylene to
Total Gasoline Total Gasoline Total Gasoline

Ratio Ratio Ratio
---- -——- —--- ---- ---- ---— -— -- ---- ---- --—- -------- --—- ---- ---- ---- ---— ---- -— -- -——- —--- -— --

2.0290 5.2174 4.7826
1.0333 0.5333 9.5556
0.2162 0,1351 4.5946
0.0556 0.5333 3.7770
2.0000 0.7059 3.2353
0.8455 6.5455 10.9091
1.3889 7.2222 11.1111
1.3333 6.0000 9.1667
0.7500 4.1667 7.0833
7.5000 1.5625 1.5625
1.2817 0.7042 9.7183
1.1667 0.7250 10.0000
2.5843 0.7865 2.0225
1.5532 0.7447 2.1277
1.2549 0.8235 3.1373
1.5500 0.6000 2.2500
1.0952 4.7619 8.0952
1.0625 5.0000 5.6250

1.42 4.88 7.52 Mean
1.63 11.28 15.20 Variance
1.28 3.36 3.90 Standard D
0.01 0.14 0.76 Min
7.50 14.00 18.67 Max
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Table 2 has been intentionally omitted because of its lengthiness.

Those desiring information may contact the author.
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Table 3. Estimated total gasoline mass and volume at the GSA - interpolatedmethod.

to
b
m
u-l

DRAFT 1.0
Preliminary Mass and Volume Estimate for Total Gasoline - LLNL Gasoline Spill Area.

==== ==== ==== ==== ==== ==== ==== ==== ==== ==== ==== ==== ==== ==== ==== ==== ==== ==== ==== =.
Concentration Shell Shell Data Range Concentration Total Fuel Total Fuel

Shell Volume Volume Geometric Mass Volume

_?!!! ____. ____ --__ --. _!?::d!-__-?:?---__________--_----_-!::-----!:!:___!?:!_----- ----- ----- ----- ----- ------ ----- ----- ----- ----- ----- ----- ----- ----- ----- -

BTEX 3m (Grid Size= 28,32,30; Z influence= 1.0)

Vadose Zone
0.00001
0.00010
0.00100
0.01000
0.10000
1.00000

10.00000
100.00000

1000.00000

0.00010
0.00100
0,01000
0.10000
1.00000

10.00000
100.00000

1000.00000
10000.00000

Shell 1
Shell 2
Shell 3
Shell 4
Shell 5
Shell 6
Shell 7
Shell 8
Shell 9

81,186
38,965
18,571
7,816
3,341
2,176
1,251
1,055

374

2192031.25 0.00020
1052051.88 0.00020
501416.25 0.00100
211037,28 0.01000
90213.29 0.10000
58748.33 1.00000
33786.70 10.00000
28481.20 100,00000
10099.01 1000.00000

0.00020
0.00100
0.01000
0.10000
1.00000

10.00000
100.00000

1000.00000
10000.00000

0.00001 10000.00000 Sub Total 154,736 4177865.25 0.00001 10000.00000

0.00003
0.00032
0.00316
0.03162
0.31623
3.16228

31.62278
316.22777

3162.27766

Sub Total

0.0038
0.0181
0.0865
0.3640
1.5561

10.1334
58.2780

491.2662
1741.9567

——. —..-. .

2303.6627

0.00
0.01
0.03
0.13
0.55
3.57

20.51
172.93
613.17

.. .... ... ....

810.89
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Table 4. Estimated total gasoline mass and volume at the GSA- judgcment/interpolated method.

26-Aug-92

DRAFT1.0

Preliminary Mass and Volume Estimate for Total Gasoline - LLNL Gaso(ine Spi [ 1 Area.

===================~===========*=================================================================*==============================================❑ ✝✝✝

Contentrat ion Shel t Shel [ Data Range ConCentration Totat Fuel Total Fuel

Shell Volune * Vo[une * Geometric Mass Volune

(mg/kg) (Cu.Yds) (Ft*3) Mean (Kg) ** (Gab)
=============~===========================~===========================================~======================================-------- - -~====:=======

BTEX10b (Grid Size=44,35,72; Z influence=l .0)

Unsaturated Zone (above gp(ev9206. grd)

0.00001 -
0.00010 -
0.00100 -
0.01000 “
0.10000 -
1.00000 -

10.00000 -
100.00000 -

0.00010
0.00100
0.01000
0.10000
1.00000

10.00000
100.00000

1000.00000

Shel( 1

Shel[ 2

Shel( 3

Shell 4

Shel 1 5
Shell 6

Shelt 7
She[[ 8

121,825.77

9,103.17

4,993.14

3,644.24

3,123.37
3,058.09
3,021.95

2,413.28

3,289,295.70

245,785.70
134,814.80

98,394.50
84,331.10
82,568.30

81,592.70
65,158.60

0.00001 -
0.00010 -
0.00100 -
0.01000 -
0.10000 -
1.00000 -

10.00000 -
100.00000 -

0.00010
0.00100
0.01000
0.10000
1.00000

10.00000
100.00000

1000.00000

0.0000

0.0003
0.0032
0.0316

0.3162
3.1623

31.6228

316.2278

0.0065

0.0049
0.0267
0.1952

1.6728
16.3783

161.8481

1,292.4929

0.00

0.00

0.01
0.07
0.59
S.n

56.97

454.96
1000.00000 - 10000.00000 Shel L 9 1,493.56 40,326.20 1000.00000 - 10000.00000 3,162.2777 7,999.1475 2,815.70

10000.00000 - 100000.00000 Shet( 10 136.70 3,691.00 10000.00000 - 15000.00000 12,247.4487 2,835.60~ 998.13
. . . . . ..- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Totat 152,813.28 4,125,958.60 Total 12,307.38 4,332.20
. . . . . . ..- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... ......... .



26- Aug-92

DRAFT1.0

Preliminary Maaa and Votune Estimate for Totat Gasoline - LLNL GasOline Spi 11 Area.

~=================================================================================================================================================~=

Concentrateion Shel 1 Shel t Data Range Concentrateion Totat Fuel Total Fuel
shell Vollme * Vo[une * Geometric Mass Volune

(mg/kg) (Cu. Yds) (Ft*3) Mean (Kg) ** (Gals)
------------------ -------------= . ..-=========================================----------------- . ----- .-..= ------------------------- .-=--- .--..--*--===--------------------- ---------- ---- --------------------- ------ --------------------- ------ --------- --

BTEX10a (Grid Sfze=44,35,144; Z influence=l .0)

Saturated Zone (beloH gpleW206.grd)

0.00001 - 0.00010
0.00010 - 0.00100
0.00100 - 0.01000
0.01000 - 0.10000
0.10000 - 1.00000
1.00000 - 10.00000

10.00000 - 100.00000
100.00000 “ 1000.00000

1000.00000 - 10000.00000
10000.00000 - 100000.00000

Shet L 1

Shell 2
Shetl 3

Shel[ 4

She(l 5
Shell 6

Shel I 7

Shel( 8
Shell 9

She[l 10

Total

71,125.15 1,920,379.00 0.00001 -

18,613.50 502,564.60 0.00010 -
12,537.67 338,517.00 0.00100 -
10,276.04 277,453.00 0.01000 -

9,656.43 260,723.50 0.10000 -
10,097.97 272,645.30 1.00000 -
7,534.39 203,428.60 10.00000 -

4,345.31 117,323.30 100.00000 -
838.05 22,627.40 1000.00000 -

50.39 1,360.66 10000.00000 -
. . . . . . . . -------- . . . . . . . . . . . . .

145,074.90 3,917,022.36

0.00010

0.00100

0.01000
0.10000

1.00000
10.0000Q

100.00000

1000.00000
10000.00000
15000.00000

Grand Total 297,888.18 8,042,980.96

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .-

0.0000 0.0040 0.00

0.0003 0.0104 0.00

0.0032 0.0701 0.02

0.0316 0.5743 0.20

0.3162 5.3966 1.90
3.1623 56.4336 19.86

31.6228 421.0676 148.22

316.2278 2,428.4216 854.80

3,162.2777 4,683.5425 1,648.61
12,247.4487 1,090.7747 383.95

. . . . . . . . . . . . . . . . . . . . . . . . . . .

Tota( 8,686.30 3,057.58

Grand Total 20,993.68 7,389.77

. . . . . . . ..- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

* Volunes estimated using GMPby Oynamic Graphics Incorporated, Alameda, CA.

** Total fuel ~~s ~a(cu[at~ ass~fng a dry ~(k density Of 120 ~bs/ft*3 (1 .9 g~/cc) and 15%uater by ut. in the unsaturated zone,

and 20% uater by Ht. in the saturated zone.
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S. Addison and R. Devany
Preliminary Mass and Volume Estimate for Total Gasoline - LLNL Gasoline Spill Area,

========== ===.====== ==.======= ========== =.=.====== =====.==== ==..====== =======.== =========* ====

Concentration Shell Shell Data Range Concentration Total Fuel Total Fuel

Shell Volume Volume Geometrfc Mass Volume

(mglkg) (Cu.Yds) (Ft*3) Mean (Kg) ** (Gals)
=..======= . ==.=====. =.=.====== = .=.==.--= ====-==.== =..==.==== = ===.=.=-= ========== ========== .===

BTEX 10b (Grid Slze=44,35,72: Z influence= 1,0)

Top of the Uppar Steam Zone to the Water Table (between tpupstzn2.grd and gplev9206.grd)

0.00001 -

0.00010 -

0.00100 -

0.o1ooo -

0,1oooo -

1.00000 -

1o.00ooo -

lm.000oo -

1ooo.00ooo -

loooo.m -

0.00010

0.00100

0.o1ooo

0.10000

1.00000

10.WOOO

100.00000

1000.000oo

10000.00000

1ooooo.m

Shell 1
Shell 2
Shell 3

Shell 4

Shell 5

Shell 6

Shell 7

Shell 8

Shell 9

Shell 10

1,248.78

898.08

1,027.46

1,072.61

1,118.00

1,343.52

1,521.14

1,394.21

1,119.45

73.04

33,717,00

24,248.25

27,741.53

28,985.90

30,188.05

38,274.94

41,070.75

37,643.61

30,225.02

1,972.03

Oaoool -

0.0001o -

0.00100 -

0.01000 -

0.10000 -

1.00000 -

10.OOOOO-

100.00000 -

1000.OOOOO -

wooo.000m -

0.00010

0.00100

0.o1ooo

0.1oooo

1.00000

10.000oo

100.00000

1000.00000

I oooo.m

15000.mooo

O.0000

0.0003

0.0032

0.0318

0.3182

3.1823

31.6226

318.2278

3,182.2777

12,247.4487

Total 10,816.49 292,045.10 Total

O.0001

0,0005

0.0055

0.0575

0.5988

7.1955

81.4884

746.7027

5,995.4863

1,515.0134

8,348.51

0.00

0.00

0.00

0.02

0.21

2.53

28.88

282.84

2,110.40

533,28

2,937.97
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Preliminary Mass and Volume Estimate for Total Gasoline - LLNL Gasoline Spill Area.

.. =.--=- -...-.=. . .. s=..= .= .==.=- -==e.=.= ==--.=== ..=---=. .= .--.=. =- =.==.= ==. s==.= ===.=.== =. ==.=

Concentration shell Shell Data Range Concentration Total Fuel Total Fuel

Shell Volume Volume Geometrlo Mass Volume

(mg/kg) (Cu.Yds) (Ft*3) Mean (Kg) ● * (Gals)
========= ====. s=== .= ======. ========= =.======. ==.=====. ======.== ========= ========= == =..==.= ====

BTEX 10a (Grid Slze=44,35,144; Z Influence=l .0)

Water Table to the Bottom of the Lower Steam Zone (between gplev9206,grd and btmlwsfzn2)

oaoool - 0.00010 Shell 1 66.39 1,702.54 0.00020 - 0.00020 0.0000 OSNOO 0.00

0.0001o - 0.00100 Shell 2 218.33 5,8S4,90 0.00020 - 0,00100 0.0003 0.0001 0.00

o.mmo - 0.01000 Shell 3 483.10 13,043.70 0.00100 - 0.01000 0.0032 0.0027 0.00

0.o1ooo - 0.1oooo Shell 4 839.86 22,676.30 0.o1ooo - 0.10000 0.0316 0.0469 0.02
W O.1oooo - 1.00000 Shell 5
LJ

1,695.23 45,771.21 0.10000 - 1.00000 0.3162 0.9474 0.33
y 1.00000 - 10.OOOOO Shell 6 2,928.72 7Q,075.55 1.00ooo - 10.00000 3.1623 16.3675 5.76

10.OOOOO- 10000000 Shell 7 3,979.23 107,439.10 1o.00ooo - Ioo.000oo 3+ .6226 222.3833 76.28

ioo.m - 1000.00000 Shell 6 3,318.53 89,600.20 looaOooo - 1000.OOOOO 316.2278 1,854.5936 652,82
1000.00000 - 10000.00000 Shell 9 782,40 21,124.86 1ooo.00ooo - 1oooo.oomo 3,162.2777 4,372,5376 1,539.13

1000O.OOOOO- 1oooooOOooo Shell 10 50.16 1,354.30 10oooaoooo - 15000.00000 12,247.4487 1,065,6726 362.16
-— ...—.—— —.— .———

Total 14,361.95 387,772.64 Total 7,552.55 2,558,50
... ————-.— —-.. -—. —-. —.--— —
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Preliminary Mass and Volume Estimate for Total Gasoline - LLNL Gasoline Spill Area.

===I=E==E== =!=== ==== =$= ========== ========== ====.===== ========== ========== =5======== ==E======E EE=a

Concentration Shell Shell Data Range Concentration Total Fuel Total Fuel

Shell Volume Volume Geometrtc Mass Volume

(mg/kg) (Cu.Yds) (Ft*3) Mean (Kg) ● * (Gals)
=-======= == .-..=-= == ====... .=.=.==-- == =====.= =.=...=.?= ========= == ...-=.= =.======= ======.== .===

BTEX 10a (Grid Slze=44,35,144; Z Influenoe= 1.0)

Water Table to the Bottom of the Upper Steam Zone (between gplev9206.grd and btmupstzn2)

0.00001 - 0.0001o

0.0001o - 0.00100

0.00100 - 0.o1ooo

0.01000 - 0.1OOOO
y

0.10000 - 1.00000

s ~.- - loLWooo

10.OOOOO- 100.00000

100.OOOOO - 1000.00000
moo.m - 10000.00000

1000O.OOOOO- 100ooo.OOooo

Shell 1

Shell 2

Shell 3

Shell 4

Shell 5

Shell 6

Shell 7

Shell 8

Shell 9

Shell 10

Total

3.66

10.05

33,53

79.10

117.90

182.72

249.20

263.47
68.11

2.59

1,030.36

99.28

271.33

905.43

2,135.75

3,163.42

4,933.37

6,728.31

7,653.75
1,639.06

69.93
.—.—

27,819.64

0.00020-
0.00020-
0.00100 -

0.o1ooo -

0.1OOOO -

10oooO -

1o.00ooo -

1oo.00ooo -
1ooo.00ooo -

1oooo.00ooo -

0.00020
0.00100

0.o1ooo

0.1oooo

1.00000

10.000oo

100.00000

1ooo.00ooo
wooo.mooo

15000.00000

Omooo
0.0003
0.0032

0.0316

0.3162

3.1623

31.6226

316.2276
3,162,2777

12.247.4467

Total

0.0000
0.0000
0.0002
0.0044

0.0559

1.0211

13.9266

156.4214
360.5590

56.0566

610.16

0.00
0.00
0.00
000
0.02
0.36

4.90

55.76

133.99

19.73
.-—

214.76
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Preliminary Masa and Volume Estimate for Total Gasoline - LLNL Gasoline Spill Area,

. .===.==== . .=..=.==. =.=.=.===. . .=.====== ==== =-.8==. = ...===..= = .=.====.. . s====.=.= = =.===...= .=. =

Concentration Shell Shell Data Range Concentration Total Fuel Total Fuel

Shell Volume Volume Geometrlo Mass Volume

(mg/kg) (Cu.Yds) (Ft*3) Mean (Kg) ● * (Gals)
========== ======.=== ========== ========== =========. ========== = =======.. = s======== = =====---- =.==----

BTEX 10a (Grid Slze=44,35,144; Z Influence= 1,0)

The Lower Steam Zone (between tptwstzn2.grd and btmlwatzn2)

0.00001 -

0.00010 -

0.00100 -

M 0.01000 -

h 0.10000 -
a 1.00000 -

10,00000 -

100.OOOOO -
1000.00000 -

1000O.OOOOO-

Omoolo

0.00100

0.o1ooo

0.1OOOO

1.00000

lo@oOOo

100.00000

1000.00000

1oooomoOOO

100000.00000

Shell 1

Shell 2

Shell 3

Shell 4

Shell 5

Shell 6

Shell 7

Shell 8

Shell 9

Shell 10

50.45

130,21

241,08

429.68

037,25

1,570,05

1,593.29

1,048.61

100.36

5,50

1,362.02

3,515.63

6,509.15

11,601.45

25,305.65

42,391.46

43,016.89

28,312.35
2,709.69

148.49

0.00020 -

0.00020 -

0.00100 -

0.01000 -

0.1OOOO -

1.00000 -

10,00000 -

100.00000 -
1000.00000 -

10000.00000 -

0.00020

0.00100

0.O1OOO

0,10000

1.00000

1o.00ooo

100.00000

1000.00000

10000.00000

15000.00000

0.0000
0.0003
0.0032

0.0316

0.3162

3.1623

31.6226

316.2276

3,162.2777

12,247.4487

0.000o
0.0001

0.0013

0.0240

0.5236

8.7744

69.0429

586,0244

560.8660

119.0358

0.00
0.00

0.00
0.01

0.16

3.09

31.34

206.28

197.42

41.90
.- ..——— —— ..-..-— —

Total 6,10S.47 164,874.60 Total 1,384.29 480,23

* Volumes estimated using GMP by Dynamlo Graphics Incorporated, Alameda, CA.

** TOWIMass calculated assuming a dry bulk density of 120 lba/ft*3 and 15% water in the unsaturated zonet

and a bulk density of 137 lbs/ft*3 and 100% water In the saturated zone.
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Preliminary Mase and Volume Estimate for Total Gasoline - LLNL Gasollne Spill Area.

===%====== =a=. == E==n . .==.====% 5a=====.ma= ===== ====s= ======m=ac= =========. = =.=====.. = =.=...=.= 5..

Concentration Shell Shell Data Range Concentration Total Fuel Total Fuel

Shell Volume Volume Geometrio Mass Volume

(mg/kg) (Cu.Yds) (Ft*3) Mean (Kg) ● * (Gals)
==. == 56..= =E======a= .Emm====== ==.======. = .=.====-= == =9====.= a?n=======a . .=5====== == s======== s====

BTEX 10b (Grid Slze=44,35,72: Z Influence= 1.0)

Volume within the Steam Injection fling (steam.ply)

From 620ft to 530fl

0.00001 - 0.0001o Shell 1 945.98 25,541.37 oOooo1 - 0.000io O.0000 0.0001 0.00

0.0001o - 0.00100 Shell 2 3s3.17 10,345.54 0.0001o - 0.00100 00003 0.0002 0.00

N 0.00100 - 0.o1ooo Shell 3 282.70 7,632.63 0.00100 - 0.o1ooo 0.0032 0.0015 0.00

b O.o1ooo - 0.1OOOO Shell 4 221.00 5,966.96 0.o1ooo - 0.1OOOO 0.0316 0.0116 0.00
x O.1OOOO- 1.00000 Shell 5 195.68 5,263.23 0.1OOOO - 100000 0.3162 0.1046 0.04

1.00ooo - 1o.00ooo Shell 6 156.03 4,212.66 1.00ooo - lo.m 3.1623 0.6357 0.29

to.00ooo - 100.00000 Shell 7 114.42 3,069.35 1o.00ooo - 100.00000 31.6226 6.1261 2.16

1oo.OooOo - looo.m Shell 6 93.65 2,534.06 1oo.00ooo - 1000.OOOOO 316.2276 50.2659 17.69

1ooo.00ooo - 10000.00000 Shell 9 67.89 1,563.11 1ooo.00ooo - 10ooo.00ooo 3,162.2777 310.0605 109.14

10oooOOooo - 1000OO.OOOOO Shall 10 24.92 672.76 1000OOOOOO - 15ooo.00ooo 12,247.4487 516.S437 161.93
—.——

Total 2,475.63 66,642.07 Total 664.25 311.26
.- —. -— .——
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.= ======= =.=.===== == =...=.= ======.== =======.= === s..=== =.===.=== .== ===..= =.=..==== ==...=.== ..-=

Concentration Shell Shell Data Range Concentration Total Fuel Total Fuel

Shell Volume Volume Geometric Mass Volume

(m9fi9) (Cu.Yds) (Ft*3) Mean (Kg) ● “ (Gals)
=....==== =.=.=.=== ====.===. ===.==.== =====.=== ======.=. ========= .. ======. =. =..==-= =.=...=== ====

BTEX 10b (Grid Size= 44,35,72; Z influence= 1.0)

Volume wlthln the Steam Injection Ring (steam,ply)

From 590ft to the Top of the Upper Steam Zone (tpupstzn2,grd)

0.000o1 - Oxloolo Shell 1 3,027.49 81,742,25 o@oo20 - 0.00020 oOooo 0.0002 0.00

0.0001o - 0.00100 Shell 2 995.99 26,891.75 0JIO020 - o.mtoo 0.0003 0.0005 0.00

0.00100 - 0.o1ooo Shell 3 716.72 19,351.46 0.00100 -
N

0.01000 0.0032 0.0036 000

b O.o1ooo - 0.1OOOO Shell 4 607,88 16,407.23 0.o1ooo - 0.1OOOO 0.0316
$

0.0325

0.1OOOO -

0,01

1.00000 Shell 5 571.75 15,437.19 0.1OOOO - 100000 0.3162 0.3062 0.11

1.00ooo - 10.00000 Shell 6 615.41 16,616,j3 1.00ooo - 1o.00ooo 3.1623 3.2960 1.16

1o.00ooo - 1oo.00ooo Shell 7 664.97 17,954.20 1o.00ooo - 100.00000 31.6226 35.6141 12.54

100.OOOOO - 1ooo.m Shell 8 342.34 9,243.09 1oo.00ooo - 1000.00000 316.2278 163.3469 64.54

1ooo.00ooo - 1oooo.m Shell 9 117.63 3,175.66 looofloOoo - 10000.00000 3,162.2777 629.9705 221,75

1ooooOoOOo - 100ooo.OOooo Shell 10 46.90 1,266.28 1000000000 - 15000.00000 12,247.4467 972.6173 342.43
.—-. —.- ——— - ———.————

Total 7,706,87 206,085,47 Total 1,625.39 642.54
-——-— —..—-.-..— —. ——.. —..-— ..—-. —
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May 3, 1993

Weiss Associates W

Hydraulic Testing at the Gasoline

INTRODUCTION

Spill Area

Seven one-hour injection tests and one seven-hour extraction test were conducted between

August 6 and 15,1992 to further characterize the subsurface hydraulic properties and predict steam

migration pathways in the Gasoline Spill Area, as part of the Dynamic Stripping Demonstration

Project (DSDP). Dynamic stripping is a combination of steam injection and vacuum extraction

with direct electrical resistance heating of subsurface materials. Steam will be injected into two

primary aquifers. Previous investigations and lithologic logging indicate that the upper aquifer,

named the Upper Steam Zone (USZ), is only partially saturated. The lower aquifer, named the

Lower Steam Zone (LSZ), is fully saturated and has a higher permeability. Electrical resistance

heating will be performed on the low-permeaMity silt and clay sediments. These tests are part

of the overall characterization being conducted at the Gasoline Spill Area by the Lawrence

Livermore National Laboratory (LLNL) in support of the dynamic stripping process demonstration.

This memorandum describes the objectives of the hydraulic tests, the procedures and results. In

addition, the hydraulic test results are compared with the area’s inferred stratigraphy and with

results obtained from a simultaneous tiltmeter survey to validate its use in future hydraulic tests.

Fhally, conclusions and recommendations for future work are discussed.

The DSDP well field consists of six 4-in injection wells in a ring pattern surrounding two 8-in

extraction wells. In addition, the area contains 11 temperature monitoring wells, and over 17

monitor wells (Fig. 1). Each injection well consists of two separate casings screened across the

USZ and the LSZ, respectively. The extraction wells are screened continuously from depths of 50

to 140 ft, corresponding to the top of the USZ and the bottom of the LSZ, respectively. The

temperature wells, which will be used to monitor the position of the steam front, are completed

as a one-inch piezometer screened with KYNAR@, a flexible, heat resistant plastic, within a 2-in

fiberglass casing. Some problems were encountered during the installation of these wells, so the

validity of water level measurements from these wells is unknown. All but one of the injection

tests were conducted in the LSZ, which is more transmissive than the USZ.

During the injection and extraction tests, Hunter Geophysics conducted a preliminary survey
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to measure subsurface pressure propagation characteristics using an array of 17 shallow tiltmeters

surrounding the Gasoline Spill Area. The tiltmeters will be used during the dynamic stripping

operation to infer steam migration pathways. The objectives of hydraulic testing at the Gasoline

Spill Area were to:

1)

2)

3)

4)

5)

6)

Determine LSZ aquifer parameters by using one or more analytic methods (e.g.,

Cooper-Jacob, Theis, Theis recovery), depending on character of the data,

Determine the existence and degree of communication between the pumping well and
nearby observation wells, including the six steam injection wells,

Confirm the apparent lack of hydraulic communication between the upper and lower
steam zones,

Compare the overall hydraulic test response with the inferred stratigraphy,

Compare the tiltmeter response with the water level response and assess the utility of
tiltmeters in future hydraulic tests,

Provide hydrologic data to help predict the response of the specified wells to steam
injection and extraction, and the primary direction(s) of steam migration.

Hydraulic Test Procedure

By 6:15 hrs on August 6, the following 15 wells were instrumented with submersible pressure

transducers to monitor water levels (Fig. 1): lower-zone steam injection wells GIW-815, GIW-818,

GIW-819, and GIW-820; upper-zone steam injection wells GIW-819 and GIW-820; extraction well

GEW-816; monitoring wells GSW-lA, GSW-6, GSW-8, GSW-13, GSW-216; and piezometers in

tempera@re/electrical resistance tomography imaging wells TEP-SNL-001 (located on Sandia

National Laboratory property), TEP-GP-004, and TEP-GP-005. The two remaining steam injection

wells south of the LLNL fence, GIW-813 and GIW-814, were not equipped with transducers for the

first day of tests due to ‘protestin~ activities in this area.

Background water levels were recorded by data loggers for four hours prior to the first

injection test. For most tests, the data loggers were programmed to record water level readings

every second for the first 20 seconds, every 2 seconds for the next 30 seconds, every 5 seconds for

the next minute, every 10 seconds for another minute, every 30 seconds for the next 7 minutes, and

every 1 minute thereafter. For the observation wells located at the perimeter of the study area,

the data loggers were programmed to record water levels every five minutes.
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Extraction Test

Extraction well GEW-816 has an 8-in diameter easing, is screened continuously from 50 to

140 ft, and was equipped with a Grundfos 6-10 submersible pump for the extraction test.

Extraction began on August 15 at 10:20 hrs and continued until 17:20 hrs at a rate of about 39 gpm.

For this long-term pumping test, the data recording frequency was decreased from every 5 to 15

minutes after several hours of pumping. An electronic flow sensor measured and recorded

pumping rates during the test. The discharge rates were ver~led using a calibrated vessel and

stopwatch. During the test, water levels in the instrumented wells and piezometers were

periodically verified by hand using an electric water level meter. Water levels in uninstrumented

wells GSW-lA, GSW-3, GSW-4, GSW-10, GEW-808, and TEP-GP-O1O (Fig. 1) were monitored by

hand each day prior to the test, every hour during the test, and two times following the end of the

test. All discharged water was conveyed to above-ground temporary storage tanks prior to

treatment and disposal.

After pumping was stopped, water levels in all the instrumented wells were monitored for

an additional 40 hrs.

Injection Tests

Individual one-hour constant-head injection tests were performed on the six steam injection

wells screened in the lower zone and one steam injection well screened in the upper zone. Initially,

four tests were conducted in two days at two tests per day. However, the extensive vehicle traffic

and other activity in the area affected the tiltmeter responses, causing the remaining tests to be

conducted outside working hours. The transducers from TEP-SNL-001 and GSW-lA were removed

and placed in GIW-813 and GIW-814 after the first day of testing was complete.

Prior to each test, the transducer in the injection well was raised to about 50 feet below the

top of the casing so that the water height in the well would not exceed the transducer range of

about 50 ft. As a result, the transducers were about 50 ft above the static water table for the initial

portion of the test, affecting the continuity of the water level data for the injection well. Water

from a nearby fire hydrant was conveyed to the injection well via a fire hose. Initially, a surge of

water filled the casing, then the flow rate was decreased to prevent the easing from overflowing.

Water levels were sustained near the top of the casing throughout each test at a constant flow rate.

The lower steam-zone casing in GIW-819 overflowed during injection, and the excess water flowed
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into the upper steam-zone casing, exceeding the transducer’s range. However, the data from

nearby observation wells did not show any effects “ofthis occurrence. Table 1 presents some of the

details of each injection test.

(T),

RESULTS

The hydraulic test data were analyzed to determine aquifer parameters, such as transmissivity

hydraulic conductivity (K), storativity (S), and specific storage (SJ. The method chosen for

the analysis depended on the nature of the well response. The extraction test data were analyzed

by the Theis, Theis recovery, and Cooper and Jacob methods for comparison. The injection test

results were analyzed using the method of Cooper and Jacob (1946), which is an approximation to

the Thcis (1935) method.

All of the methods used in analyzing the hydraulic tests involve plotting the drawdown, or

buildup, of water levels versus time on either semi-log or log-log graphs, with initial time defiied

as the onset of pumping. Drawdown data plotted in semi-log form typically yield a straight line

that can be analyzed by the Cooper and Jacob method. This method is usually more reliable for

longer duration tests. A log-log plot of drawdown versus time yields a curve that can be fitted to

the Thcis type curve. Using values from a matching point, a transmissivity and hydraulic

conductivity value can be calculated with the Theis equation. Theis’s recovery method is applied

to water level recovery data collected following pump shut in. This data is plotted on a semi-log

graph with normalized time, and aquifer parameters are calculated using the appropriate equation.

Extraction Test Data Analysis

The extraction test data from GEW-816 and each observation well were plotted on semi-log

and log-log graphs to calculate representative transmissivity values. All the semi-log plots of both

the drawdown and recovery data for each observation well had two slopes. Representative plots

are shown in Figures 2 and 3, respectively. The slope of the data increased after about the third

hour of pumping, indicating an increased rate of drawdown. Such a change in slope suggests that

the pressure perturbation may have reached a less conductive zone or aquifer boundary at some

distance from the pumping well. Transmissivity values were calculated using the Cooper and Jacob

method for each slope. The average LSZ transmissivity for the early time and later time data are

about 12,000 and 6,200 gpd/ft, respectively. Based on the 11-ft average thickness of the lower

aquifer, as interpreted from the well logs and numerous cross sections of the area, the average LSZ
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hydraulic conductivity values for the early and later time are about 1,100 and 560 gpd/ft2,

respectively.

The drawdown data plotted on log-log graphs matched the Theis curve very closely.

However, most of the observation well data also showed a deviation from the Theis type curve after

about three hours of pumping in the direction indicating a greater rate of drawdown (Fig. 4). The

average transmissivity calculated using the Theis analysis is 8,700 gpd/ft (Table 2).

Water level recovery data is typically of better quality than drawdown data because it is often

difficult to achieve a constant discharge during pumping. Therefore, semi-log plots of the recovery

data were also prepared for the pumping well and each observation well. A representative semi-log

plot of the recovery data, with the characteristic change in slope, is shown in Figure 3. The

average transmissivity calculated using Theis recovery analysis is 13,000 gpd/ft. Finally, a

distance-drawdown plot was created with the observation drawdowns at the 100 minute time step.

The transmissivity and hydraulic conductivity were calculated as 12000 gpd/ft and 1,100 gpd/ft2,

respectively, closely agreeing with the other results.

Storativity values calculated using the Cooper-Jacob and Theis methods were also in very

‘3 This value indicates that the LSZclose agreement, with a representative value of about 3.8x 10 .

responds as a confined aquifer. The aquifer parameters calculated for each well using these

methods are shown in Table 2 for comparison. All in all, the values using the various methods of

analysis are remarkably close in range.

A number of pump tests have been previously performed in the Gasoline Spill Area to

characterize the subsurface and calculate aquifer parameters. Table 3 presents the aquifer

parameters calculated from pump test data for wells screened in both the USZ and LSZ. A

summary of all hydraulic test results are presented quarterly in the LLNL Ground Water Project

Monthly Progress Reports.

Contour Plot Analysis of Drawdown

The lateral extent of drawdown during the extraction test was analyzed by contouring the

water levels in all the observation wells at successive one-hour intervals. The extraction test was

used because of the additional hand-measured data and longer duration of the test. Several

interpolation algorithms were compared, and the resultant plots yielded a similar shape of the cone
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of depression. Figures 5 through 7 show the extent and magnitude of the drawdowns at successive

times after pumping began. The cone of depression generally maintains its shape during pumping,

but drawdowns increase with time. The north-south elongation of the drawdown cone suggests that

the LSZ maybe thicker or more permeable in thk direction. However, the shape of the east side

of the cone is governed only by data from temperature weIl TEP-GP-O1O, which may not be reliable

due to possible poor construction.

Injection Test Data Analysis

For each injection test, an average aquifer transmissivity value was calculated for every

observation well. For the Cooper and Jacob analyses, the latter portion of the data was analyzed

due to the short test durations to avoid possible welI-bore storage effects. OrIIy one definitive

slope was observed in all of the data plots, probably due to the short test durations. Average

transmissivity values ranged from 9,500 to 20,000 gpd/ft. The corresponding hydraulic

conductivities, estimated by dhidkig the transmissivity values by the average aquifer thickness of

2 Appendm A presents the estimated11 ft, were very similar, ranging from 850 to 1,800 gpd/ft .

hydraulic parameters for each injection test in tabular form.

The GIW-813 and GIW-814 lower-zone injection tests had no significant effect on the

observation well water levels. These wells could only accept injection rates of 10 and 2 gpm,

respectively, as compared with about 20 to 30 gpm for the other injection tests. It is currently

unclear whether the low injection rates were due to the well completion, screen clogging, or the

formation. Consequently, aquifer property analyses could not be performed for these two injection

tests.

Upper zone observation well GIW-814 had no significant response during any of the injection

tests. In addition, the temperature/ERT imaging wells, TEP-SNL-001, TEP-GP-004, and TEP-GP-

005 (Fig. 1), appeared to respond ”less than the observation wells, which maybe due to poorer well

completion or well development.

Correlation of Hydraulic Test Results with Inferred Stratigraphy

The thickness of the higher permeability sediments in the Gasoline Spill Area were

contoured to create an isopach (equal thickness) map based on 10 hydrogeologic cross sections

constructed for the pre-dynamic stripping hydrogeochemical characterization. The isopach
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contouring reveals two offset, northwest-trending thick regions, which arc interpreted as braided-

stream channel deposits. Detailed geologic logging suggests that the deposits should act as

preferential flow pathways during dynamic stripping.

The north-northwest elongation of the cone of depression during the extraction test coincides

with the locations where the lower aquifer is significantly thicker (Fig. 8), suggesting that the

pumping well draws more water from these thicker areas. In addition, based on the contour plots

and existing knowledge of the subsurface geology at the Gasoline Spill Area, the aquifer probably

pinches out into

sediments about

clays.

very low permeability sediments east and west of the Gasoline Spill Area. The

100 ft east of Building 406 are known to be primarily low-permeability silts and

ANALYSIS OF TILTMETER SURVEY

During the seven injection tests and the extraction test, Hunter Geophysics measured the

surface deformation due to the pressure transients using an array of 17 high-gain tiltmeters.

Following the first two days of testing, the subsequent tests were conducted after high-traffic hours

to reduce noise levels and improve the results.

The tiltmeter measures tilt in the north-south and east-west directions. These data consist

of two vectors, whose resultant vector represents the magnitude and direction of the surface

deformation gradient. The magnitude of the resulting vector is the tilt caused by deformation.

Low-frequency effects, such as lunar and solar earth tides, and daily thermal changes can typically

be filtered out. High-frequency effects, such as industrid noise and vehicular traffic noise, can

also be filtered if a baseline noise level is established.

The tiltmeter technology is successfully used in the petroleum industry for mapping

hydraulically-induced fractures in deep reservoirs. The use of thk technology for shallow sources

requires adjustments to the equipment and to the data analysis procedure.

The tiltmeter responses to injection tests were much more pronounced than those for the

extraction test. The injection tests probably caused a much higher initial pressure pulse in the

subsurface with the instantaneous introduction of over 50 ft of pressure head into the aquifer. The

resulting vectors from each tiltmeter are shown in conjunction with contour plots of the maximum

build-up for a representative injection test and the maximum drawdown for the extraction test in
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Figure 9 and 10, respectively. The contour plots were generated by interpolating the maximum

water level changes in 12 monitoring well during each test.

The water level data for the injection test well was not available as previously discussed.

Therefore, build-up at the injection well was estimated to be twice that observed in the monitoring

well showing the maximum build-up. This assumption was essential to create a correctly-centered

water level mound, however, it does affect the estimated hydraulic gradients.

The tiltmeter response to the drawdown portion of the extraction test was not suitable for

analysis because the tilts were very small. However, the signal obtained following pump shut-in

was sharp and more reliable. For this reason the maximum drawdown during the extraction test

was compared with the tiltmeter signal obtained during water level recovery. The tiltmeter

locations with tiltmeter vector data, and monitoring well locations with maximum build-up and

drawdown values are given in Table 4 and 5, respectively.

Correlation of Hydraulic Test Results with the Tiltmeter Survey

The water level and tiltmeter data were compared to determine if tiltmeters were an effective

method for monitoring responses to future hydraulic tests. The comparison shows that there is a

general qualitative agreement in the direction of induced gradients. Although the tiltmeters have

a higher sensitivity to the magnitude of the ground surface deformation, the magnitudes of the tilt

vectors do not strongly correlate with the magnitudes of the hydraulic gradients. This may be the

result of local stress conditions, preferential pathways for flow, effects of complex stress changes

due to lateral deformations,- or insufficiently filtered background noise.

The tiltmeter results from these tests are not adequate to infer subsurface characteristics,

such as preferential flow pathways, structural features or extent of the pressure transients. The

tiltmeter locations may have been too far from the tested wells and observation wells to directly

compare the hydraulic data with the tiltmeter responses. The build-up/depression cones contoured

for comparison are reliable for a limited area around the test wells, but cannot be accurately

interpolated over the larger area enclosed by the tiltmeter network.

CONCLUSIONS

1. The LSZ is relatively interconnected and highly transmissive, because of the consistent
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hydraulic conductivity and storativity values obtained among all wells monitored in the

Gasoline Spill Area.

2. Some type of aquifer boundary(s) probably exists in the LSZ, as indicated by the change in

slope of the drawdown versus time data in the semi-log plots, the deviation of the later-time

data from the Theis curve on the log-log plots, and the elongated cone of depression in the

north-south direction. It is likely that thk ‘aquifer boundary(s)” is related to the lateral

pinching out of the permeable layer to the ease and west.

3. The LSZ injection tests yielded a slightly higher aquifer transmissivity range (9,500 to 20,000

gpd/ft) than the extraction test (9,000 to 12,000 gpd/ft), probably due to the difference in

duration of the extraction and injection tests. In the shorter-duration injection tests, the

resulting pressure dkturbance only affected a smaller region of aquifer around the well

screen. The longer-duration extraction test affected a much larger region and probably

included the less transmissive sediments that exist at the outer margins of the Gasoline Spill

Area. However, although the average transmissivity values calculated from the extraction

test are slightly lower, this difference is not considered significant. Representative

transmissivity and hydraulic conductivity values of the LSZ are 12,000 gpd/ft and 1,100

gpd/ft2, respectively.

4. The USZ well monitored during the hydraulic tests did not respond to any of the extraction

or injection tests. These observations are consistent with the previous indication that little

or no hydraulic communication exists between the upper and lower steam zones (Dresen et

al. , 1987).

5. Although the extraction well is screened throughout the upper and lower steam zones, only

the wells screened in the LSZ responded. The lack of response in the USZ is probably due

to the lower zone’s higher transmissivity, so most of the ground water was extracted from

this zone.

RECOMMENDATIONS

1. Perform short-term hydraulic tests on all of the LSZ injection wells to obtain aquifer

parameters at each well location. It was not possible to calculate aquifer parameters at each

injection well because the transducers were raised above the water table prior to the test,
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so no short-term water level data was obtained.

2. Conduct a simultaneous injection/extraction test to better determine flow paths, the regional

response of the aquifer system, and the extent of influence. Such a test would represent the

actual steam injection/extraction process and the aquifer response.

3. Perform short-term tests on the USZ. However, this aquifer is only partially saturated, so

the aquifer test analysis may be complicated.
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Figure 4, Log-log plot of observation well GSW-6 drawdown versus time for the extraction test of GEW-816,
showing the data’s deviation from the Theis curve at later times.
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‘able 1. Highlights of injection tests conducted at the Gasoline Spill Area, August 6 to 12, 1W2.

Uell Screened Steam Injection Injaction Injected Comnents
Intarval Zone Time and Rate volume

(ft) Date (9PIII) (gallons)

GIU-820 112-132 Lower” 10:06-11:06 14 840
August 6

GIU-819 121-141 Lower 14:34-15:34 20.5 1,230 Uater overflowed the
August 6 casing and entered the

LSZ casing, causing the
transducer to exceed
its range

GIu-813 107-127 Loner 10:46-11:46 10 600 Added transducers in
August 7 GIU-813 and GIU-814;

removed those in G1bt-
819 (upper casing),
GSbf-lA, and TEP-SNL-001

GIU-814 86.5- Upper 14:24-15:24 approx. 2 120 Pulled out transducers
106.5 August 7 in GIu-813 and GIU-814

following test

GIU-815 112.5- Lower 17:32-18:32 40 2,400 Re-submersed
132.5 August 10 transducers in GIU-813

and GIU-814 prior to
this test

GIu-814 121-141 Louer 17:43-18:34 35 2,100
August 11

GIU-818 120-140 Lower 6:20-7:20 21.5 1,290
August 12
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ab(e 2. Comparison of reaulta of the GEIJ-816 extraction teat at the Gasoline Spill Area, August 1992.

,
Uell Name I Hydraulic

Conducti ity
1?

(epd/ft ) I Tranamiaaivity

I

Storat{vlty
(9pd/ft)

IITheia Thefa
Recovery

GEU-816 420 1,100

GNJ-813(L)’ 570 1,100

GIU-814(L) 810 1,200

GIu-815(L) 800 1,100

GIU-818(L) 1#000 1,400

GIu-819(L) 920 1,100

GIU-820(U) NR NR

GIu-820(L) 990 1* 200

GSU-6 990 1,000

fiSU-8 1,000 NA

GSU-13 670 900

GSU-216 450 NA

TEP”O04 920 1,300

TEP-005 NR NR

Average: 800 I 1,100

Cooper and Thala Theia Recovary Coopar and Theia Cooper
Jacob Jacob and Jacob

580 4600 ! 12,000 6,400 * ! ●

#
750 6,300 12,000 I 8,200 .0093 .0064

1#200 8,900 13,000 13,000 .0027 .0020

1,100 8,800 I 12,000 12,000 .0059 .0042

.-1,100 11,000 16,000 13,000 .0023 .0027

950 10,000 12,000 10,000 .0044 .0044

NR NR NR NR NR NR

1,100 11,000 14,000 12,000 .0037 .0037

1,100 11,000 11,000 12,000 .0050 .0038
I

1,500 11,000 MA I 16,000 .0017 .0018

820 7,300 9,900 9,000 .0038 .0026

1,200 5,000 MA 13,000 .0036 .0029

1,200 10,000 14,000 13,000 .0036 .0024
m

NR NR NR NR NR NR

U = Uel[ screened acroas the Uppar Steam Zone
NR = watt had no rasponse
MA = Not analyzed due to poor data
* = Value uag tuo ordera of magnitude higher than val

1,100 I 8,700 1 13,000 1 12,000 I 4.2E-3 I 3.4E-3

1 I, ● u.e(~ screened acroaa the Lower Steamzone

ues for obaarvation walls
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TABLE 3. Summary of prsvious hydraulic testsoonductsd in the Gasoline Spill Area wslla.

well Psrforatsd water-bearing Tsst T K Data

Interval zone Monitorsd* T#* Q~@@

No. (ftj (gpdftj (~~ ft)’
Wellscomplctsd in the Uppsr Steam Zone

GSW-2 87-107 First Slug 240 10 Good

GSW-3 83-105 F=t slug 810 41 Good

GSW-4 86-106 Fm slug 17 0.9 Good

GSW-5 94-104 Fti slug 99 9 Excelknt

GSW-403-6 9M1O slug 4 - 0.2 Good

Wslls completsdin theImvcr StsamZone

GSW-lA MS-133 Seared Drawdown lMOO 790 Good

GSW-6 121-137 Third Drawdown 4.800 310 Good

Longtsrm 5300 330 Good

GSW-7 110.8-123.4 second Drawdown 230 23 Excellent
GSW-8 1275-133 Third Drawdown 230 38 Good

GSW-13 12s-1345 Secand slug 110 13 bllent

slug 62 7 Good

GSW-208 10$118 Fmt Drawdown 440 80 Good

GSW-209 1128-132.8 F@ Drawdown 1,200 120 Good

Wellscomplctsdin bothatsamzonss

GSW-15 20.5-28 Fm Drawdown lm 190 Good

3844 and
50-56 Second

6&73
77-83
95-103
120-130

Wells completed in decpsr zones

GSW-12 1865-191 Fourth Drawdown 51 11 Fair
GSW445 155-161 Fourth Drawdown 43 4 Fair
MW-508 287-305 seventh Drawdown 47*000 MOO Good

iates w <.
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Tiltrneter

TLT-GP-001 ‘
TLT-GP-002
TLT-GP-OLM
TLT-GP-004
TLT-GP-005
TKT-GP-006
TLT-GP-007
TLT-GP-008
TLT-GP-009
TLT-GP-O1O
TLT-GP-011
TLT-SNL-012
TLT-SNL-013
TLT-SNL-014
TLT-SNL-015
TLT-SNL-016
TLT-GP-017

LLNL Coordinates Magnitude of Tilt*

East North N-S E-W N-S E-W N-S E-W N-S E-W

10561.9
10570.9
10633.7
10520.6
10497.5
10422.3
10324.9
10328.6
10286.2
10330.6
10352,4
10283.1
103705
10452.0
10567.8
10630.8
10423.8

8646.7
8693.2
8775S
8788.2
8887.1
8754.0
8844.5
8753.4
8752.2
8690.9
8645.4
8512.5
8485.2
8516.8
8496.5
8517.0
8913.1

Inj. Test Of GIW-819

3.026E-01
5.624E-02
2.501E-01

-1.805E-01
1.444E-01

-1.317E-02
-7.069E-02
9.722E-02

-1.107E-O1
-4.299E-01
-1.554E-01
4.855E-02
3.179E-02

-2.265E-02
-3.970E-03
2.998E-02

-3.406E-02

-1.857E-01
4,716E-02

-1.593E-01
1.450E-01
2.032E-01

-2.894E-05
-3.298E-02
1.120E-01
1.769E-02
9.662E-02
7.036E-02

-6.608E-02
-8360E-02
-7.919E-04
6.078E-02

-L439E-01
2.030E-02

lnj. Test Of GIW-820 Ext. Test OfGEW-816
pumping Period Recovery Period

6.44;E-01 -8.232E-01 -1.3053E-01 -8.7391E-02 1.2032E-02 -1.7511E-02
L168E-02 -1.748E-01 -8.6896E-02 -2.3945E-02 15074E-02 4.7577E-03

0.000E+OO 0.000E+OO0.0000E+OO0.0000E+OO0.0000E+OO0.0000E+OO
1.560E-01 1.665E-01 -3.5236E-02 4.7331E-02 1.6880E-02 2.6924E-02
2.763E-01 -6.596E-02 -9.0112E-02 -8.8121E-02 1.1965E-03 1.8094E-02
2.940E-01 3.038E+O0 1.8201E-01 5.3264E-03 0.0000E+OO0.0000E+OO

-4,470E-01 -3.239E-01 -6.7172E-02 1.2680E-02 -3.1336E-02 4.4224E-02
-3.881E-01 -1.261E-01 1.7929E-01 -1.988SE-01 -3.8781E-02 5.8415E-02
-3,295E-01 -2.566E-01 1.2157E-01 4.0230E-02 -55403E-02 -3.8084E-02
-4.727E-01 -6.430E-02 4.O11OE-O13.8991E-01 -8.3198E-02 -3.7918E-02
-8,767E-02 .4.090E-02 1.4231E-01 L2536E-01 0.0000E+OO0.0000E+OO
5.375E-02 -6.21OE-O2 5.7684E-02 4.5445E-02 -3.9870E-02 -2.5130E-02
2.300E-02 -6.238E-02 L7758E-02 -1.6013E-02 7.6282E-03 -6.3152E-02
1.166E-02 -1.089E-01 -3.8728E-02 L1948E-01 9,7151E.04 -1.4379E-02
2.287E-01 -3,397E-02 3.3623E-02 5.7031E-02 5.7470E-03 -2.5980E-03

-7.205E-02 2.006E-01 -1.0809E-01 1.3441E-01 2.2825E-02 -2.2112E-02
-8,362E-03 2.51OE-O1-1.8588E-03 -1.9334E-01 2.1493E-02 L7197E-02

● Negative valuea of magnitude indicates tilt to the South or to the West.

Z



TABLE 5. Monitoring well locations and maximum build-up/drawdown data, Gasoline Spill Area.

LLNL Coordinates Maximum Maximum
build-up drawdown

Well East North GIW-813 GIW-814D GIW-815 GIW-818 GIW-819 GIW-820 GEW-816

GEW-816
GIW-813
GIW-814
GIW-815
GIW-818
GIW-819
GIW-820
GSW-lA
GSW-6
GSW-8
GSW-10
GSW-13
GSW-216
TEP-GP-004
TEP-GP-O1O
TEP-SNL-001

10451.1
10517.4
10396.9
10539.1
10441.4
1041605
10518.1
10508.5
10MO.3
10322.0
10494.1
10384.7
10631.9
10381.4
10478.3
10456.1

8682.1
8615.8
8615.0
8678.3 “
8740.0
8694.4
8728.8
8670.7
8673.8
8517.3
8852.2
8652.4
8647.7
8756.0
8700.6
8518.0

0,12
0.24”
0.12
0.12
0.08
0.10
0.12
.
0.11
0.08
.

0.11
0.10
0.06

.

0.75
0.47
2,84”
0.38
0.46
0,82
0.32
.
1.07
0.58
.
1.42
0.22
0.39
.
.

0.42
0.44
0.31
1.22*
0.36
0.30
0.61
.
0.38
0.16
.

0.31
0.47
0.24
.
.

0.49
0.12
0.22
0.25
0,98”
0.49
0.38
.
0.44
0.09
.

0.34
0.11
0.46
.
.

0.56

.

0.18
0.39
1.38*
0.22
0.24
0.69
0.11
.

0.62
0.10
0.38
.

0.17

0.29
.
.
0.34
0.32
0.23
0.70*
0.35
0.25
0.10
.
0.20
0.13
0.20
.
0.14

-10.47
-1.49
-1.88
-1.72
-2.17
-2,46
-1.82
.

.2.81
-1.01
-1.44
-2.20
-1.25
-1.64
-2.26
.

* Maximum build-up at the injection well is assumed to be twice the largest observed build-up in any monitoring well.
. not measured
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TABLE A-1. Hydizmlii Anafysis kwlfs for hl@iOn Test of GIW-S13

AnalysisMethod -and Jacob(1946)
Avg.Flow Rate . 10 SP
Avg.TMcknes = 11 ft

Duration . 60 mill

Welt Name Interval K K T Ss s Dstance

gpd/ft.2 Cm/s gpd/ft lfft ft

GEW-S16 NSR NSR NSR NSR NSR 94

GSW-13 NSR NSR NSR NSR NSR 13s

TEP4104 NSR NSR NSR NSR NSR 195

GIW-S18 NSR NSR NSR NSR NSR 146

GIW419 NSR NSR NSR NSR NSR 12a

GSW4 NSR NSR NSR NSR NSR 105

TEP-005 NR NR NR NR NR 178

GIW-S23 NA NA HA NA NA o

GIW-S14 NSR NSR NSR NSR NSR 121

GSW-S NSR NSR NSR NSR NSR 219

GIWM15 NSR NSR NSR NSR NSR 66

GIW.620 NSR NSR NSR NSR NSR 113

GIW-S20 upper NR NR NR NR NR 113

GSW-216 NSR NSR NSR NSR NSR 119

mN0~f'4sru N08igniri=ntmps+Mc>a2fcl'4kf'J@dY=ddue10an-mmx-

-Am- ..,-.... . . . . . . –. .-. am.-..... .? —I—, --.-– w.–. ..?-”,, .3.4

AnalysiaMethod : Coopsrand Jamb (1946)

Avg. Flow Rate . 35 gpm

Avg.Thkkn= . 11 ft

Duration . 60 mill

WellName Interval K K T Ss s Dstancc

gpd/ft2 Cm/s gpd/ft l/ft ft

GEW-S16 1300 6.lE4r2 14000 1.6E-04 1.SE-03 S6

GSW-13 720 3.4HJ2 m 2SE44 3.lE-03 39

TEP-004 1500 72E-02 17000 a-w 24E=03 142

GIW-S18 1400 6.4E-02 15000 1.9E44 21E-03 133

GIWS19 1200 5.4E4)2 13000 1.SE44 20E-03 S2

GSW-6 1200 5.4E-02 1300 6.SE-05 7.4E44 6s

TEPJJ05 NR NR NR NR NR 198

GfW-S13 lootl 4.8E-02 11OOO 29E44 32E-03 121

GIW-S14 NA NA NA NA NA o

GSW-S 1200 5.7E-Q2 13000 1.7)3-04 1.SE43 123

GIWS15 1500 7.IE412 17000 21E44 23E43 156

GIW.S20 1600 73EM2 17000 20E44 23E-03 166
GIW420 upper NR NR NR NR NR 166

GSW-216 2200 1.lE-01 25000 22E-04 Z4EJ13 237

Avenge 1300 63E412 15000 20E-04 22E43

fWNoreqmmIZNkN%adyzddue IO~erra

D:\GAsPADwES2wQl
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TABLE A-3. Hydrsulii Analysis Results for ln~lon Teat of GIW.815

blysis Method Coopcrand Jacob (1946)

Avg. Flow Rate = 40 gpm

Avg. Tbkkncas . 11 ft
. 60 min
Intend K s Dstanee

GEW-816

GSW-13

TEP-004

Gfw-818

GIW-819

GSW4

TEP-005

GfW-813

GIW-814

GSW-8

GIW415

GIW-820

GIW-820

Lower

Ixmler

kwcr

Lower.
Upper

gpdm

1600

1700

2300

1700

1700

NR

1200

1700

3400
NA

1700
NR

K

ads
7.4E~

8.0E42

1.1E41
8.lE-02

8.7E-02
7.8E42

NR

5s42

7.9E-02

1.6E41

NA

8.1E4C?

NR

T
gpdfft

17000

19000

m

19000

18000

NR

18000
37000
NA

moo
NR

Ss

vft

6.0E44

29E-M

3.5W4

3.7E-04

4.9E-04

4.4E-04

NR

1235-03

29E44

Z4E-04

NA

5.9E4)4

NR

ft

6.6E-03 88

3.1E4)3 157

3.9E-03 176

4.1E43 116

5.4E4)3 124

4.8E-03 109

NR 124
13E-02 66

32343 156

27E-03 270
NA o

6S54)3 55

NR 5s

1200 5.8E&? 14000 4AE-04 53E43 98

1800 8SE-02 20000 4.9E-M 5.4E-03

tmNa~NANolanalpd daetO-crlw

TABXJSAA. HydmulicAalysis Results for Injection Test of GIW418

hdyais Method Goperand Jacob (1946)

Avg. Flow Rate . 215 gpm

Avg. Thicknrs . 11 ft

Duration . a mio
Well Name Interval K K T Ss s Dstance

GEW-816

GSW-13
TEP404

GIW-818

GIW419

GSW-6

TEP-005

GIW-813

GIW-814
GSW-8

GfW-815

GIW-820

GIW%?O

Lower

Lower

Lows

Lower

Lower

Upper

gpdfft2

1400

1300

1200

NA

“1200

13W
NR

1600
NSR

1300

1200

NR

ads

6.4E-02

5.7JM2
5s302

NA

55E42

62E-02
NR

NSR

7.7E4)2

NSR

63E42

5.6E42

NR

gpd/ft

15000

13000

13000

NA

13000

140W
NR

NSR

18000

NSR

15000

13000

NR

llft

20E44

261M4
3.8E-04

NA

3.4E-04

3.lE-04
NR

NSR

271X14

NSR

3.1E4M

35E-LM

NR

. ft

22E-03 59

2.8E-03 104
43E43 62

NA o

3.8E-03 52

3.4E-03 67
NR 69

NSR 146
3.OE-03 133

NSR 2s3

3.4E4i3 116

3.8E43 77

NR n
GSW-216 Lower NSR NSR NSR NSR NSR 212
Average 1300 6.lE-02 14000 3.OE-04 33E43
NkNo~,MENon@w~>UfGWW_&m~m

D:\GAsPADLREs2wQl
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TABLEA-5. HydnrdicAmtl@sReds forh@tionTed of GIW-819

-~ CaOpcramd3ac0b(1946)

Avg Flowhe = 20s gpm
Av&Thkhc$s . 11 ft

SE 60 rain
Interval K K T s DiStanct55

I/ft
4.4E.04

3.OE-04

3.4E-fu

55E-04

“NA

NR

3.733-04

NR

20S04

NsR

4.9&04

3.8E-04

4.OE-04

NR

gpdm gpdlft ft

4-9E.03 n

3.7S03 53

S7E.03 71

6.OE-03 52

NA o

NR o

&oE-m 2s

NR 320

181

NsR al

S3E.03 95

am n4

4.4E-03 107

NR 107

GEW416

GSW-13

TEPa

GIW418

GIUM19

GIWW9

GSW4

IW403

TmsNMol

Gsw8

Gsw-lA

GIW-833

GIWWX

GIW-8ZI

Lower 16m 7.6E-03

&lE-a

6333-03

NA

NR

64)3-02

NR

9.lEa

Lmwer 9s0

1300

13(kl

HA

NR

HA

NR

3mo

NR

la

NR

1900

NsR NsR

7.6E-03

&n3-02

7.4E-03

NR

1440

18W

16ut

NR

17000

NR

Lmur NsR NsR NsR NsR NsR 220

IsOO 7.lE-02 nooo 3.8E44 4.2E-03

TABLEA4 HydraulicAndy&Resultsfor InjectimTesIof GI’%WO

- Mew ccepcrad Jacob(1946)

A% FlowRate . 14 gpm

AVL TM3mess . 11 ft

Dmation . 60 mirt
Wcn Name Intcrvaf K K T s s Di5tancz

gpdm

990

970

1100

940

970

NR

740

NR

gpdft MI

28E-M

1.7E-04

21E-04

26E-04

26B04

NR

L7JXM

NR

NSSR

NSR

3.lmM

3.6E-M

NA

NR

30E-03

L9E-fC4

23E-03

29E-03

29E-03

NR

L9&03

NR

NSR

NsR

3S-03

4.0E43

NA

NR

ft

32

1s4

GEW.816

CXW-33

TEP-004

GIW418

GIW419

GI%W19

GSW4

‘lzRo03

mMNL-ool

GSW-8

GSW-lA

GIWW3

GIW420

GlW420

Lower

Lower

hnwr

bwer

Lower

upper “

Law?r

4.73342

4.6E02

SoE-a

&4E-03

NR

NR

NsR

11OOO

llWO

139

1000O

11OOO

NR

n

107

107

8100 104

Lower

bwer

Lower

baer

Lower

Lower

upper

NR

NsR

NsR

70

288

59

5s

o

0

1100

1100

NA
NR

5.0E02

5.0EQ2
HA

NR

12W0
12000

HA

NR

GSW-216 Lower NSR NsR lSR NSR NSR 140

Awrate 970 4.6EU2 11OOO ME-w 2ZW03

t41cNO~Nsk No8igniruantmp01nc>02fctwt41nmAycd&et0mammc0lemr

D.\GASPADWEZLWQl
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